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MTO-II  SUMMARY  REPORT 


I.  INTRODUCTION 


Modern  radar  signal  processing  techniques  eabodled  In  a  digital  signal 
processor  called  the  Moving  Target  Detector  (MTD)  developed  by  M. I •T* /Lincoln 
Laboratory  were  evaluated  at  the  PAA  Technical  Center,  "PAATC",  Atlantic  City, 
New  Jersey  several  years  ago  [Refs.  1  and  2].  These  evaluation  teste  deiion- 
strated  that  the  application  of  nodem  signal  processing  techniques  can  pro¬ 
vide  high  quality  aircraft  surveillance  data  continuously  In  the  presence  of 
ground  and  weather  clutter. 

The  purpose  of  the  HTD-II  prograa  reported  herein  was  to  refine  the  ori¬ 
ginal  Moving  Target  Detector  systea  and  to  deaonstrate  and  evaluate  the  la- 
proved  systea  at  actual  operational  radar  sites.  These  evaluation  and  deaon- 
atratlon  tests  took  place  near: 

Burlington,  VT,  at  an  ASR-7  teralnal  site  (designated  herein  as  BTV) 
characterized  by  unusually  "difficult*'  ground  clutter. 

Bedford,  VA,  at  an  FPS-20  enroute  site  (designated  herein  as  BVA) 
characterized  by  severe  ground  clutter  and  wlthln-vlew  vehicular 
traffic. 


Atlantic  City,  NJ,  at  an  ASR-7  teralnal  site  under  the  jurisdiction 
of  the  FAATC.  At  this  site  radar  data  was  collected  simultaneously 
with  FAATC  Discrete  Address  Beacon  Systea  (DABS)  beacon  date  in 
order  to  permit  large-saaple  studies  of  the  MTD-Il  detection  and 
position  accuracy  statistics. 

This  report  explains  why  certain  processing  algorithms  were  used,  and  how 
the  aEasured  systea  performance  was  achieved  at  the  several  FAA  operational 
sites  at  which  it  was  tested. 


A.  Features  of  the  MT1>~II 

The  Improved  radar  surveillance  processor,  MTD-II,  extends  the  capability 
of  the  previously  evaluated  processor  In  these  functional  areas: 

PMP-Il  processor:  The  signal  processing  functions  were  Implemented 
In  a  parallel  microprogramaed  processor  (the  PMP-II)  designed  spe¬ 
cifically  for  this  radar  application.  This  parallel  processor  per¬ 
mits  easy  modification  of  signal  processing  algorithms  for  the  pur¬ 
pose  of  site  adaptation  and  installation  of  experimental  changes. 
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FIR  filter  banX:  The  signal  processing  architecture  has  been  chang¬ 
ed  to  that  of  a  general  finite  Impulse  response  (FIR)  filter  bank. 
The  original  architecture  was  that  of  a  three-^lse  canceller  pre¬ 
ceding  a  weighted  discrete  Fourier  transform.  Greater  control  of 
the  doppler  frequency  response  and  filter  sldelobes  Is  now  possible 
for  Improved  performance  in  ground  and  weather  clutter. 

Hew  thresholding  mechanisms:  Post  detection  processing  has  been  re¬ 
designed  to  provide  a  set  of  fixed  and  adaptive  thresholding  mecha¬ 
nisms  which,  a)  enforce  low  false  alarm  rates  In  areas  where  moving 
objects  such  as  birds  and  ground  vehicles  are  visible,  and  b)  remove 
false  alarms  from  areas  of  extreme  ground  clutter  amplitude.  The 
adaptive  thresholding  technique  developed  does  not  depend  on  abso¬ 
lute  target  detection  density  and  does  not  exhibit  a  tendency  to  re¬ 
duce  sensitivity  In  areas  of  heavy  aircraft  traffic. 

Improved  surveillance  processing;  The  MTD-II  employs  a  new  surveil¬ 
lance  processor  which  uses  scan-to-scan  correlation  to  remove  non- 
spatlally  and  non-temporally  correlated  false  alarms.  Algorithms 
have  been  developed  to  provide  Indicators  of  target  statistics, 
principally  measurement  accuracy,  which  are  then  used  to  Improve  the 
performance  of  the  tracker  used  In  Che  scan-to-scan  correlation. 

Display  of  weather  contours;  In  addition  Co  aircraft  surveillance 
Information  the  KID-II  processes  and  displays  two  radar  reflectiv¬ 
ity  contours  for  weather  detection.  These  levels  are  normalised  to 
conform  (to  the  maximum  extent  possible  given  the  surveillance  an¬ 
tenna  patterns)  with  two  of  the  National  Weather  Services  precipita¬ 
tion  levels. 

B.  Ground  Clutter 

Extreme  amplitude  ground  clutter  encountered  at  the  Burlington,  VT,  site 
led  to  an  In-depth  analysis  of  Che  performance  of  FIR  filter  bank  processors 
in  high  clutter  environments.  This  analysis  suggested  new  techniques  for 
dealing  with  radar  system  Instabilities  which  employ  smooth  limiting  to  in¬ 
crease  the  dynamic  range  of  the  A/D  converters.  Other  solutions  to  the  prob- 
lena  inherent  in  the  use  of  an  FIR  filter  baidi  processor  in  clatter  exceeding 
its  matched  design  parameters  were  also  suggested. 
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H.  SYSTEM  ARCHITECTURE 


A.  Introduction 

Details  of  the  HTD-II  design  are  contained  In  "Technical  Data  Package" 
for  Airport  Surveillance  Radar  with  Moving  Target  Detector",  Appendix  A,  to 
this  report. 

The  KTD  la  designed  as  a  three  stage  processor  which  autoaatlcally  and 
adaptively  reduces  the  data  rate  from  one  -Billion  saaples/second  to  display- 
able  target  reports  (20  Kbits/second  In  the  terminal,  and  8  Kbits/second  In 
the  en-route  system).  Reports  at  these  rates  can  be  transmitted  using  stan¬ 
dard  phone-line  modems  and  voice  grade  channels. 

The  first  stage  of  processing  Includes  saturatlon/lnterf erence  testing, 
filtering  In  the  velocity  domain,  constant  false  alarm  rate  (CFAR)  threshold¬ 
ing,  clutter  tupping  for  zero-velocity  target  processing,  and  adaptive  desen- 
sltlzatlon  for  large  amplitude  clutter.  The  output  of  this  stage  consists  of 
primitive  target  declarations  which  may  vary  from  a  few  hundred  per  scan  to 
ten  thousand  per  scan,  depending  on  A/C  traffic  and  anomalous  "angel  activ¬ 
ity".  An  A/C  target  may  produce  1  to  SO  primitive  target  reports  per  scan, 
depending  on  crosssection  and  range. 

The  second  stage  of  processing,  "correlation  and  Interpolation"  (C&l), 
correlates  primitive  reports  which  are  associated  with  the  same  targe"  by 
range/azimuth  adjacency.  Interpolates  to  develop  the  centroid  of  measureMnt 
variables  (range,  azlamth,  velocity,  and  amplitude),  performs  adaptive  and 
fixed  second-level  thresholding,  and  flags  the  target  reports  with  quality/ 
confidence  before  transtslttlng  them  to  the  third-level  processing,  tracking, 
or  filtering.  The  C&I  stage  of  processing  attempts  to  produce  a  single  target 
report  for  each  snvlng  A/C  target  within  coverage,  on  each  f*can  of  the  an¬ 
tenna,  while  adaptively  limiting  the  false  alarms  (due  to  noise,  ground  clut¬ 
ter,  and  angel  activity)  to  fewer  than  60  per  scan. 

The  final  stage  of  processing  uses  target  scan-to-scan  history  to  "track" 
moving  A/C  targets  while  filtering  out  those  target  reports  which  are  not  as¬ 
sociated  with  moving  A/C.  Approximately  0.98  of  the  A/C  reports  entering  this 
processor  are  transmitted  for  display,  while  fewer  than  wne  false  alarm  per 
scan  are  transmitted  for  display  under  mat  conditions. 

A  block  diagram  of  the  KTD  system  is  shown  In  Fig.  II-l.  The  received  IF 
signal  from  the  radar  Is  smoothly  limited  to  a  dynamic  range  of  51  dB.  The  IF 
and  OOHO  rlgnals  are  Chen  processed  with  a  linear  receiver  to  provide  In-phase 
and  quadrature  video  signals  which  are  sampled  with  lO-blt  A/D  converters, 
this  data  is  scored  for  Che  remainder  of  an  8-pulse  coherent  processing  Inter¬ 
val  (CPI)  In  the  Input  Muorles  of  a  PMP-2  (Ref.  1].  The  signal  processor 
performs  Che  doppler  filtering  and  thresholding  functions  and  outputs  range, 
azlanith,  doppler  and  amplitude  Information  for  each  cell  In  which  threshold 


ll-l 


R/T 


IF 

QUM> 

0 

VIDEO 

10  SAHPLES/SCC 
20  JITS  EACH 


h 

iA  5. 


fl 


FILTERS 

CFAR 

TVRESHOLD 
StI 


5  i 


a 


is 


I  CCI 


SURV. 

PROC. 


PRIMITIVE 

TARGET 

REPORTS 


CENTROIDEO 

TARGET 

REPORTS 


DISPLAYABLE 

TARGET 

REPORTS 

W/FLAC-S 


nosti3-si 


Fig.  II-l.  MTD  function ;il  block  diagram. 
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crossings  sro  dstsctsd.  Thsss  thrsshold  crossings  ars  than  sant  to  a  corrala- 
tlon  and  Intsrpolatlon  (Cgl)  prccaasor,  whara  thcT  ara  first  eorralatad  Into 
targst  reports  and  then  centrolded  In  range  and  aslnuth*  These  targata  are 
subjected  to  fixed  and  adaptive  falaa  alara  rajaetlon  thresholds  to  produce 
target  reports.  The  target  reporta  ara  finally  edited  ualng  a  scan-to-scan 
correlator  co  reduce  tha  output  falsa  alara  rata  to  a  typical  valua  of  1 
falae-slana  per  scan. 

*•  Slanal  Processing 

Signal  prc cessing  In  the  context  of  MID-IX  Is  daflnad  as  those  teaks  oc- 
currlhg  becwttan  tha  digitisation  of  In-phasa  and  quadrature  channel  radar  vld** 
eo  and  tha  output  of  rsoge-aslauth'-doppiar  call  threshold  crossings  (prlaltlve 
targets).  Tor  signal  processing  purposes  the  KTD-II  survalllanca  space  la  di¬ 
vided  Into  5)2  8-pulsa  Coherent  Procaaslng  Intarvala  (CPI)  par  scan.  To  re- 
nova  single  PRF  blind  speeds  and  to  laprove  datactlon  of  anblguous  velocity 
aircraft  In  rain,  tha  radar  PRT  la  alternated  by  about  20Z  every  CPI.  Rach 
CPI  Is  saapled  at  range  gate  Intervals  of  1/16  nal  for  temlnal  radars  (60  nsd 
Instrunented  range)  and  1/8  nal  for  enroute  radars  (180  nal  InstruarAted 
range).  The  signal  processing  functions  consist  of  saturation  and  Interfar- 
ence  testing,  doppler  filtering,  aagnltude  calculation,  and  constant  false- 
alara  rate  (CTAR)  thresholding. 

1.  PMP-2  Architecture 

The  Parallel  Mlcroprograaacd  Processor,  Version  II  (PHP-2)  shown  In  Tig. 
11-2  Is  a  single  Instruction  streaa,  aultlple  data  strsaa,  parallel  processor 
consisting  of  a  alcroprograaued  controller  and  a  nua)>er  nf  processing  eleaents 
(PE's).  Bach  PE  has  a  dedicated  double  buffered  Input  aeaory  connected  to  the 
A/D  converters  and  Is  assigned  a  particular  range  segaent  to  procesa.  The 
KTO-II  lapleeentatlon  consists  of  a  7  PE  unit  of  which  any  6  PE's  are  active 
at  a  given  tlwe,  tha  seventh  PB  being  reserved  as  a  spare  to  provide  a  weasura 
of  fault  tolerance.  Bach  of  the  six  active  PB's  process  an  11  nautical  wile 
range  segaent  Including  a  1/2  nal  overlap  at  each  boundary.  This  overlap  la 
necessary  to  allow  for  the  calculation  of  the  range  averaged  CTAB  thresholds. 
A  nore  coaplete  description  of  the  PHP-2  architecture  la  given  In  Ref.  3. 

2.  Doppler  Tllter  Design 

HTD-II  doppler  filtering  Is  accoapllshed  using  a  bank  of  alght-pulse  lin¬ 
ear  TIR  filters.  One  of  these  filters  Includes  xaro-doppler  velocity  and  la 
threeholded  with  a  tine-averaged  CTAR  threshold.  The  other  seven  are  thresh- 
olded  using  a  sliding  window,  range-averaged  CTAR. 

The  aero  velocity  filter  was  designed  as  a  linear  phase  equlrlpple  low 
pass  filter  (Ref.  A]  with  pass-band  equal  to  that  part  of  the  doppler  band  not 
covered  by  the  seven  reaalnlng  filters.  Stop-band  aids  lobes  teve  been  con¬ 
strained  to  provide  good  detection  perforaance  In  rain  clutter.  Tha  flltar 
co«rflclents  have  bean  quantised  to  A  blta  plus  sign. 
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Fig.  II-2.  PMP-2  processing,  block  diagram. 
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The  non-zero  filters  have  been  designed,  using  the  technique  of  DeLong 
and  Hof setter  [Ref.  5],  to  approximate  an  optimum  processor  envelope  for  In¬ 
terference  composed  of  40  dB  (single  pulse  S/N)  ground  clutter  returns  with 
the  antenna  modulation  spectrum,  plus  a  component  Which  Is  white  In  doppler 
except  In  the  vicinity  of  the  filter  center-frequency  so  as  to  represent  rain 
clutter.  The  filters  have  been  further  constrained  by  forcing  the  system 
function  H(z)  to  have  a  zero  at  z-1  when  the  filters  are  quantized  to  5  or  6 
bits  plus  sign.  This  Is  to  reduce  the  effect  of  coefficient  quantization  on 
the  ground  cluttei  rejection  capability.  To  Increase  computation  efficiency, 
filters  5,  6,  and  7  tiave  been  taken  to  be  the  complex  conjugates  of  filters  3, 
2,  and  1.  Plots  of  the  frequency  response  realized  for  the  Individual  filters 
are  given  In  Figs.  ll-3a,  -3b  and  -3c. 

The  choice  of  40  dB  S/M  ground  clutter  for  the  filter  bank  design  Is 
based  on  the  need  to  achieve  good  performance  In  ground  clutter  areas  without 
overly  degrading  the  low  doppler  frequency  performance  In  areas  of  light  clut¬ 
ter  and  masked  terrain,  as  well  as  considerations  of  radar  stability.  It 
should  be  noted  that  this  required  the  use  of  special  techniques  for  reducing 
false  alarms  in  areas  where  the  clutter  exce*'ds  40  dB  S/N.  This  problem  Is 
discussed  In  more  detail  In  Section  IV. 

3.  CFAR  Thresholding 

The  seven  non-zero  velocity  doppler  filter  magnitudes  are  thresholded,  to 
remove  weather  f alse-alarms ,  with  a  range  sliding  window  average  of  six  range 
cells  preceding,  and  seven  cells  following,  the  cell  of  interest  and  two  ad ja 
cent  cells.  This  average  Is  multiplied  by  a  constant  (4.875,  to  achieve  a 
I0~^  false-alarm  rate)  to  produce  a  threshold  "value.  In  cells  with  high  1>C 
return  a  fraction  (dependent  on  filter)  of  the  zero  velocity  magnitude  Is  also 
added  to  the  threshold  to  control  the  data  rate  due  to  ground  clutter  false 
alarms.  Due  to  processor  limitations,  the  threshold  average  Is  calculated  as 
a  linear  average  of  magnitude  (voltage)  rather  than  an  average  of  powers  re¬ 
sulting  In  a  larger  CFAR  loss  than  normally  associated  with  a  13  point  sam¬ 
ple.  The  total  thresholding  loss  is  approximately  2  dB. 

In  the  terminal  systems,  the  first  six  range  gates  were  thresholded  with 
a  fixed  threshold  value  to  allow  short  range  surveillance  of  departing  and 
arriving  aircraft.  The  en  route  Implementation  did  not  declare  targets  from 
these  cells. 

In  the  long  range  Implementation  where  sensitivity  In  noise  Is  a  greater 
design  concern,  an  alternative  to  the  above  technique  has  been  Implemented  on 
an  experimental  basis.  In  order  to  reduce  the  CFAR  loss  for  the  case  of  a 
target  In  known  amplitude  noise,  a  far  more  frequent  occurrence  than  that  of 
weather,  a  threshold  of  the  following  type  is  used: 


Threshold  ■  max  [a,  4.875  v  -  8] 
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Fig*  XI-3a.  MID  filter  bank  gain  characteristics 
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where  v  Is  the  range  averaged  aagnltude,  and  a  and  g  are  constants*  The 
effect  of  a  threshold  generated  in  this  wanner  Is  to  alnost  eliminate  the  CFAR 
loss  in  noise  by  generating  a  nearly  constant  threshold  when  only  noise  is  en¬ 
countered.  This  occurs  at  the  expense  of  a  higher  false-alarm  rate  when 
weather  of  slightly  greater  magnitude  than  the  noise  is  present.  In  eases  of 
large  mather  returns  it  is  essentially  identical  to  the  original  algorithm. 
This  approach  is  similar  to  that  proposed  by  R.  Mltxberg  [Ref.  6]. 

4.  Zero  Velocity  Filter  Thresholding 

The  zero-doppler  velocity  filter  is  thresholded  using  a  single  pole  aver¬ 
age  of  the  values  measured  in  the  same  cell  over  several  scans.  As  a  large 
number  of  cells  (xSOOfOOO)  are  Involved,  an  effort  has  been  made  to  store  ttils 
information  using  as  few  bits  as  possible.  The  choice  of  an  8-blt  (3  bit 
mantissa,  5  bit  exponent)  floating  point  format  defines  an  effective  limit  of 
about  eight  measurements  as  the  averaging  time  constant.  This  corresponds  to 
a  CFAR  loss  of  approximately  3  dB.  Although  the  threshold  time  constant  is 
limited  to  8  measurements  by  the  memory  precision,  it  is  possible  to  extend 
the  effective  time  constant  by  not  updating  the  threshold  every  scan.  This 
has  the  advantage  of  being  less  sensitive  to  slowly  flying  tangential  targets 
and  of  allowing  more  time  for  decorrelation  of  clutter  amplitudes.  The  need 
to  adapt  to  changes  in  weather  amplitudes  constrains  this  extension,  however, 
and  a  compromise  must  be  achieved.  In  the  course  of  the  MTD-II  testing  an  up¬ 
date  .rate  of  every-other-scan  was  found  to  be  effective. 

5.  Weather  Data  Extraction 

An  additional  function  performed  by  the  signal  processor  is  the  extrac¬ 
tion  of  weather  data  from  the  radar  video  for  contouring  and  display  to  the 
air  traffic  controller.  This  is  done  by  first  generating  two  doppler  filters, 
one  all-pass  and  one  high-pass  from  weighted  sums  of  the  doppler  filter  magni¬ 
tudes.  These  filter  values  are  averaged  over  a  1  nml  Interval,  and  every  1/2 
omi  are  compared  to  a  threshold  normalized  for  beam-filled  radar  reflectivity 
(1/R^)  and  the  sensitivity  time  control  (STC).  The  results  of  these  compari¬ 
sons  for  output  are  further  processing  by  the  surveillance  processor.  On  al¬ 
ternate  scans  the  thresholding  levels  are  changed  so  that  two  levels  of 
weather  contours  are  measured. 

C.  Correlation  and  Interpolation 

The  primitive  targets  output  from  the  signal  processing  functions  are 
first  subjected  to  a  fine  grain  fixed-threshold  map  for  removal  of  false 
alarms  due  to  ground  traffic  and  large  clutter  areas.  Primitive  targets  are 
then  merged  to  form  clusters.  A  range  and  azimuth  estimate  is  assigned  to 
each  cluster  to  produce  a  centroided  target  report.  Each  target  report  is 
subjected  to  adaptive  thresholds  designed  to  remove  reports  due  to  birds  or 
extremely  localized  fast-moving  rain  cells. 


I 


II-9 


1.  Fine-Grain  Fixed  Thresholi* ’.ng 

To  remove  false  alarms  due  to  ground  traffic  and  high-amplltude  ground 
clutter,  a  fine-grain  map  Is  kept  for  the  purpose  of  storing  a'  priori  know¬ 
ledge  about  the  location  of  visible  sections  of  roads  and  the  locations  of 
areas  where  ground  clutter  Is  larger  in  amplitude  than  that  to  which  the  fil¬ 
ter  bank  Is  matched  exist. 

This  map  Is  Implemented  In  the  MTD-II  with  a  resolution  of  1/4  nml  range 
by  2  CPI's.  Each  cell  allows  the  selection  of  either  a  flat  doppler  response 
threshold  of  one  of  two  levels,  or  a  threshold  with  a  doppler  response  equal 
to  the  clutter  residue  amplitude  of  the  HTD-II  filters,  nie  use  of  this  map 
In  ground  clutter  Is  much  the  same  aa  the  use  of  a  Range  Azimuth  Gain  control 
(RAG)  STC,  but  it  has  the  advantage  of  allowing  different  tiireshold  values  for 
different  doppler  filters  and  avoiding  the  difficulty  of  the  interaction  be¬ 
tween  the  RAG  STC  and  the  range  CFAR  thresholding  on  rain.  However,  in  order 
to  avoid  target  losses  due  to  limiting,  the  map  requires  a  larger  receiver  dy¬ 
namic  range  than  with  the  use  of  the  RAG  STC.  This  Is  discussed  In  more  de¬ 
tail  In  Section  *7. 

The  sensor  map  Is  designed  to  eliminate  two  false-alarm  mechanisms:  those 
due  to  moving  ground  traffic  and  those  due  to  clutter  that  Is  mismatched  to 
the  filter  bank.  A  set  of  threshold  levels  was  developed  for  each  of  two  dif¬ 
ferent  classes  of  doppler  shapes.  One  shape  la  designed  around  the  peak  of 
the  time  domain  Gaussian  Impulse  residue  of  the  filters,  which  is  different 
than  the  frequency  response  residue  of  the  filters.  The  other  one  la  flat. 

A  data  sample  was  taken,  during  a  period  of  low  A/C  traffic  density  at 
night,  to  build  a  map  for  ground  clutter.  A  ”010011  cell”  false  alarm  rate  out 
of  this  "filter"  which  was  considered  to  be  the  maxlMoi  acceptable  by  the  sur¬ 
veillance  processor  ms  established,  then  thresholds  were  set  using  the  dop¬ 
pler  shape  threshold  such  that  the  false  alarm  rate  was  acceptable.  A  value 
of  0.1  per  scan  per  track  Initiation  box  size  was  used.  Hext,  a  sample  was 
taken  during  the  day  with  typical  ground  traffic  activity  and  the  sane  process 
using  flat  thresholds  performed.  The  map  was  then  hand-edited  to  remove  areas 
containing  cells  that  were  due  to  air  traffic  lanes  In  use  at  the  time,  and 
repeated  on  different  days  when  different  flight  patterns  were  In  use  to  re¬ 
move  those  cells.  Hand  editing  was  Involved  In  the  generation  of  the  naps, 
especially  the  ground  traffic  map. 

The  reason  that  this  was  done  adaptively  over  a  long  tine  period  is  be¬ 
cause  It  does  require  human  Intervention  to  remove  the  targets  that  are  known 
to  be  due  to  aircraft.  In  general,  we  have  found  that  the  naps,  once  pro¬ 
duced,  are  very  stable. 

In  suimary.  It  Is  not  correct  when  using  a  scanning  radar,  to  consider 
only  the  frequency  response  of  filter  banks.  The  time  domain  response  Is 


inportant,  because  the  statlatiea  of  the  clutter  and  therefore  the  acannlog 
laodulatlon  residue  are  not  stationary.  They  would  be  stationary  if  the  clut¬ 
ter  consisted  of  a  large  number  of  random  amplitude  distributed  scatterers. 
What  was  actually  observed  was  that  the  ground  clutter  is  often  dominated  by 
large  single  speculars. 

2.  Target  Correlation  and  Interpolation 

The  primitive  targets  which  survive  the  fixed  thresholding  are  subjected 
to  an  adaptive  threshold  which  is  determined  by  lowering  the  post-clustering 
adaptive  threshold  level  (see  II-S.3  below)  by  10  dB  for  the  purpose  of  lower¬ 
ing  the  processing  load  in  a  dense  bird-clutter  environment  without  signifi¬ 
cantly  degrading  azimuth  '.curacy*  Following  this  first  stage  of  adaptive 
thresholding,  the  remalnir  primitive  targets  are  grouped  into  clusters  on  the 
basis  of  range  and  azlmut!  adjacency.  Each  cluster  is  then  centroided  using  a 
"center  of  mass"  (first  n  jent  weighted  by  amplitude)  estimator  to  produce  a 
centroided  range  and  azlmath.  At  this  point  a  report  "qtiallty  factor"  is  ap¬ 
pended  to  each  centroided  target  report  indicating  the  folloirlng: 

Quality 


One  CPI  report  0 
Two  CPI  repcrts,  different  types  1 
Two  or  more  CPI  reports,  same  FRF  2 
Two  or  more  (SPI's  each  PRF  3 


3.  Adaptive  Target  Thresholding 

At  many  sites  the  occurrence  of  targets  due  to  birds  or  "angels"  is  a 
cosBon  occurrence.  Angel  reports  have  been  j>b8erved  to  have  a  roughly  log¬ 
normal  amplitude  distribution  with  a  mean  cross-section  of  approximately  -25 
dBSM  (square  meter).  In  contrast,  the  population  of  aircraft  targets  has  an 
apparent  mean  cross-section  (Including  beam  losses)  of  slightly  less  than 
0  dBSM.  Thus  there  exists  with  sufficient  Integration  a  way  to  determine  if 
angel  false  alarms  are  present  in  a  given  target  sample.  An  example  of  tba 
cross-section  population  of  birds  and  aircraft  targets  from  Burlington,  Fer¬ 
ment  is  given  in  Fig.  II-A.  As  the  d'l  trlbutions  overlap,  it  is  latposslble  to 
precisely  determine  whether  a  particular  report  is  due  to  an  aircraft  or  a 
bird.  Instead  we  attempt  to  limit  the  ai^el  false  alarm  rate  to  a  fixed  mazi- 
mum  value  with  as  little  loss  in  aircraft  detection  as  possible*  The  method 
used  to  accomplish  this  is  to  count  the  clumber  of  large  cross-section  targets 
to  inter  the  number  of  aircraft  and  subtract  this  number  from  the  number  of 
small  targets  to  make  an  estimate  of  the  angel  false  alarm  rate*  If  the  dif¬ 
ference  exceeds  a  predefined  value  (nominally  60  per  scan  in  the  entire  cover¬ 
age  area),  the  threshold  for  that  spatial  area  is  raised.  If  the  rate  is  sig¬ 
nificantly  less  than  the  acceptable  false  lalarm  rate,  the  threshold  is  lower¬ 
ed.  This  technique  is  used  as  opposed  to  a  simple  density  threshold  to  avoid 
decreasing  sensitivity  in  dense  aircraft  ewironmentu. 
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Fig.  II-4.  Example  of  blrd/alrcraft  cross-section 
distribution  at  Burlington,  VT. 
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Due  to  the  conflict  between  the  needs  for  fast  response  and  sxifficlent 
target  statistics,  this  thresholding  is  iapleaented  as  a  series  of  two  sequen¬ 
tial  filters.  The  first  integrates  over  a  relatively  long  tine  (~200  sec) 
using  roughly  equal  sized  snail  areas  (16  sq  nsl  by  3  doppler  bins  teminal; 
64  sq.  nai  3  doppler  bins  en  route),  the  second  is  ouch  faster  acting  (~15 
sec),  integrating  over  the  entire  coverage  space  for  ranges  less  than  20  nnl 
(40  nnl  en  route)  also  using  3  doppler  bins*.  The  purpose  of  this  structure 
is  to  achieve  fast  response  at  the  onset  of  false  alams  for  ranges  less  than 
20  ml.  Where  birds  are  frequently  detected  while  providing  localized  atten¬ 
uation  for  longer  lived  phenonena.  An  exaaple  of  tte  perfomance  of  this  al- 
gorithn  in  heavy  angel  conditions  is  shown  in  Fig.  II-S  using  data  fron  FAATC. 

4.  Weather  Contour  Processing 

The  weather  contour  processing  function  accepts  as  its  input  six  scans  of 
weather  threshold-crossing  data  fron  the  sigpial  processor  (3  scans  each  high 
and  low  level).  A  static  nap  is  used  to  denote  those  areas  where  enough 
ground  clutter  Is  present  so  that  the  doppler  high-pass  data-strean  nust  be 
used.  This  nap  is  conpiled  for  each  intensity  level.  After  merging  the  high- 
pass  and  all-pass  data  streans  in  this  way,  the  data  is  snoothed  with  tenporal 
and  spatial  filters  and  output  to  the  user  or  display  systcn.  The  standard 
fom  of  this  output  is  specified  in  terns  of  starting  a^  ending  ranges  for 
each  weather  level  and  azinuth.  Exanples  of  this  processing  for  a  atom  near 
the  Burlington,  VT  site  are  given  in  Fig.  II-6. 

Figure  ll-6a  shows  *f30  dBz  weather  contours,  when  using  the  all-pass  fil¬ 
ter,  and  is  due  entirely  to  ground  clutter.  Fig.  II-6b  shows  ■<'30  dBz  weather 
contours,  with  rain  to  the  south  of  BTV.  Fig*  XI-6e  shows  the  resultant  -flO 
dBz  weather  contour  output  after  using  the  static  nap  to  select  and  nerge  the 
all-pass  and  high-pass  data  streans.  The  "false"  contours  due  to  ground  clut¬ 
ter  have  essentially  been  ellnlnated,  and  the  regions  in  which  the  rain  rate 
exceeds  30  dBz  (2.7  nn/Rz)  are  displayed.  Fig.  II-6d  ahows  30  dBz  contours  of 
the  sane  atom  when  only  the  high-pass  data  strean  is  used.  Thus,  renoving 
the  near  zero-velocity  conponents  of  the  atom  (as  would  be  the  case  with  MTI 
processing-only)  provides  an  inaccurate  picture  of  the  location  of  the  atom. 
Fig.  11-7  shows  the  frequency  response  of  the  high-pass  filter,  obtained  by 
constructing  a  weighted  sun  of  the  magnitudes  of  filters  1-7. 

D.  Surveillance  Processing 

1.  Scan-to-Scan  Correlation 

The  targets  which  survive  the  adaptive  thresholding  process  are  then  in¬ 
put  to  the  scan-to-scan  correlator.  The  scan-to-sean  correlator  uses  tracking 
algorithms  to  edit  the  reports  and  remove  those  false  alams  which  do  not  have 
the  scan-to-scan  position  relationship  expected  of  an  aircraft  target.  A 


*Thls  is  bird  detection  region 


significant  choice  In  the  design  of  the  HID  tracker  was  the  decision  not  lo 
place  a  lower  Unit  on  the  velocity  of  the  tracks.  This  was  done  to  avoid 
suppressing  the  detection  of  helicopters  or  saall  aircraft  In  headwinds.  This 
feature  Is  provided  In  the  aost  part  by  the  effectiveness  of  the  adaptive 
thresholding  In  reducing  the  angel  false-alara  rates.  To  remove  false-alans 
due  to  stationary  targets,  output  for  targets  which  correlate  with  tracks,  but 
whlco  never  eove  aore  than  1/4  nal  (1/2  nal  en  route)  froa  the  position  of 
track  Initiation  are  suppressed* 

Processing  eaployed  In  this  aodule  Is  straightforward*  First,  input  tar¬ 
gets  are  associated  with  tracks  on  the  basis  of  a  noraallxed  error  distance 
froa  the  track  predicted  position.  Non-unique  track-target  associations  are 
then  resolved  and  targets  correlating  with  tracks  older  than  two  scans  are 
output  to  the  display  systea.  The  tracks  which  have  been  correlated  with  a 
target  are  updated  using  the  target  quality  to  deteralne  the  aaount  of  saooth- 
Ing  to  be  used  In  the  azlauth  prediction*  Tracks  not  associated  with  targets 
are  "coasted'*  for  up  to  3  scans  (depending  on  age)  and  are  then  dropped.  All 
uncorrelated  targets  which  are  not  low-confidence  are  retained  for  use  in 
starting  new  tracks  on  the  next  scan.  The  current  lepleeentatlon  of  the  KTD 
tracker  uses  a,  $  saoothlng  (a,  0  dependent  on  target  quality)  In  an  x,y  co¬ 
ordinate  systen  for  track  prediction  wnen  the  track  la  at  ranges  less  than  6 
nal,  and  a  p,  0  coordinate  systea  when  the  track  Is  outside  this  range. 

2.  Output  Processing 

Experience  has  shown  that  greater  than  98Z  of  the  "real"  aovlng  A/C  tar¬ 
get  reports  (an  average  of  60  per  scan  are  Input  froa  C6I)  that  are  input  to 
surveillance  processing  are  output  for  display,  while  fewer  than  one  pec  scan 
of  false  alaras  (birds,  clutter,  weather)  are  output  for  display. 


Target  report  dlssealnatlon  rules  have  been  retained  as  operator  vari¬ 
ables  to  explore  their  effect  on  real-tlae  use.  Hlgh-confldence  target  re¬ 
ports  way  be  displayed,  without  regard  to  track  association,  within  aapped  ge¬ 
ographic  areas.  This  feature  was  used  near  runways,  to  allow  controllers  to 
"see"  first  and  second  reports  of  departing  traffic,  rather  than  wait  for  the 
third  report,  which  started  a  track  and  would  be  the  first  report  displayed. 
Target  reports  with  the  "aovlng  ground  traffic"  confidence  flag  set  were  not 
displayed.  However,  since  this  Introduces  "black  boles"  In  coverage  (geo¬ 
graphic  -  static  nap),  soae  controllers  would  have  preferred  the  option  of 
displaying  these  targets.  This  option  could  be  Included  In  future  systeas. 
At  ETV,  digitally  foraatted  target  reports  and  weather  contour  data  were 
transaltted  tc  the  TRACON,  to  be  reconstituted  as  video,  for  display  on  the 
ABTS-2  PPI. 
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Fig.  ll-6a.  Wercher  contours  (30  dBz)  due  to  ground  clutter  at 
Burlington,  VT. 
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AT  BTV 
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Fig.  II-6d.  Weather  contours  (30  dBz)  using  only  the  higher  pass 
filter  at  Burlington,  VT. 


III.  PERFORMANCE  EVALUATION 

A.  Introduction 

MTD-II  processor  systems  have  been  extensively  tested  at  three  FAA  radar 
sites.  Complete  MTO-II  systems  (signal  processor,  C&I  processor  and  surveil¬ 
lance  processor)  have  been  tested  using  the  Burlington,  VT,  airport  ASR-7  ter¬ 
minal  radar  and  the  Bedford,  VA,  FPS-67  en-route  radar.  An  MTD-II  system  con¬ 
sisting  of  the  signal  processing  and  C&I  subsystems  have  been  Installed  and 
operated  at  FAATC,  Atlantic  City,  NJ,  to  provide  primary  radar  target  Informa¬ 
tion  to  a  Discrete  Address  Beacon  System  (DABS)  radar/beacon  surveillance  pro¬ 
cessor.  All  sites  had  the  capabllit.'  of  making  digital  tape  recordings  of  the 
signal  processor  primitive  target  and  weather  declarations  as  well  as  C&I  and 
surveillance  processor  outputs,  so  that  algorithmic  changes  to  the  post  detec¬ 
tion  processing  algorithms  could  be  evaluated  In  non-real  time  using  actual 
primitive  target  data.  In  addition,  the  performance  of  the  MTD-II  surveil¬ 
lance  processor  with  FAATC  data  was  evaluated  even  though  that  function  was 
not  performed  by  the  MTD  system  at  the  time  of  the  data  collection.  | 

Due  to  differences  In  existing  equipment  at  the  sites,  the  attempted  per¬ 
formance  analysis  differs  from  site  to  site.  For  example,  due  to  the  lack  of 
an  automated  beacon  system  with  recording  capability  at  Burlington,  VT,  It  is 
not  possible  to  provide  target  population  probability  of  detection  statistics 
as  at  the  other  sites.  Available  at  the  FAATC  site  was  a  high  precision  -co- 
rotatlng  beacon  sensor  and  thus  the  data  set  taken  there  provides  the  most 
accurate  assessment  of  MTD-II  position  measurement  performance. 

The  Bedford,  VA,  and  Burlington,  VT,  sites  were  chosen  as  examples  of  op¬ 
erational  FAA  surveillance  radar  sites  were  strong  ground  clutter  returns  have 
been  encountered.  The  FAATC  site  was  chosen  principally  because  of  the  pre¬ 
sence  of  the  DABS  beacon  sensor,  however,  the  almost  constant  presence  of 
echos  due  to  birds  made  It  a  good  location  for  testing  algorithms  designed  to 
control  false-alarms  due  to  that  cause. 

B.  Burlington.  VT  (BTV) 

1.  Installation  and  Site  Description 

The  Burlington,  VT  MTD-II  installation  consisted  of  an  MTD  processor  con¬ 
nected  to  one  of  the  two  operational  ASR-7  radar  channels  using  a  dlplexer  so 
that  simultaneous  comparisons  could  be  made  between  the  ASR-7  normal/MTI  video 
output  and  the  output  of  the  MTD  processor.  A  block  diagram  of  the  Installa¬ 
tion  is  given  In  Fig.  III-l.  Modifications  made  to  the  ASR-7  radar  to  provide 
a  test  bed  suitable  for  the  MTD  processor  are  listed  In  Table  III-l.  Presen¬ 
tation  at  the  TRACON  of  MTD  output  reports  was  accomplished  with  the  genera¬ 
tion  of  a  "reconstituted"  radar  video  where  the  digital  MID  output  after  being 
transmitted  from  the  radar  site  to  the  TRACON  over  a  serial  line.  Is  used  to 
produce  a  true  video  signal  which  was  then  sent  to  a  standard  ARTS-II  ATC 
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display.  A  process  of  reconstituting  the  video  is  described  under  3.4.8  of 
Appendix  A.  The  HID  surveillance  processor  requires  approximately  1.5  seconds 
for  target  association  and  output  so  that  the  map  video,  beacon  video,  and 
azimuth  information  given  to  the  display  console  must  be  delayed  by  that 
amount.  When  the  MTD  is  in  operation  the  two  transmitters  transmit  asynchro¬ 
nously,  requiring  that  the  MID  processing  be  blanked  when  the  ATC  channel 
transmits,  and  the  corrupted  HTI  and  normal  video  in  the  ATC  channel  to  be 
blanked  when  the  MTO  channel  transmits. 


Table  III-l 

ASR-7  Modifications  to  Permit  Use  with  MTD 


1.  Replace  existing  STALO  with  highly  stable,  crystal-controlled 
oscillator  meeting  requirements  of  3.4. 1.2  of  Appendix  A. 

2.  Equip  the  transmitter  magnetron  with  automatic  tuning  provi¬ 
sions  such  that  the  AFC  circuitry  can  keep  the  magnetron  oper¬ 
ating  at  the  proper  frequency. 

3.  Add  a  directional  coupler  in  the  COHO  line  so  that  the  MTD 
processor  can  be  provided  with  a  sample  of  the  OCffiO  signal. 

4.  Modify  the  ASR-7  STC  characteristic  (realignment). 


Burlington,  VT,  see  Fig.  lXI-2,  is  a  site  characterized  by  extreme  asr- 
plitude  ground  clutter.  Figs.  1II-3  and  I1I-4  show  a  map  of  the  ground  clut¬ 
ter  echoes  exceeding  30  dB  (single  pulse)  slgnal-to-nolse  and  the  cumulative 
amplitude  distribution  of  resolution  cells  where  clutter  exceeds  the  processor 
single  pulse  input  dynamic  range  of  51  dB.  Few  roads  are  visible  from  the  ra¬ 
dar  site  due  to  its  location  on  a  relatively  low  tower  in  the  airport  in¬ 
field.  Unfortunately,  the  only  major  roadway  visible,  1-81,  requires  blanking 
a  cell  approximately  1.5  nmi  from  the  radar  directly  on  the  approach  of  Runway 
33,  the  main  runway  at  the  airport.  This  often  results  in  a  loss  of  detection 
of  2-3  scans  for  landing  aircraft.  A  plot  of  the  fixed  threshold  map  used  for 
large  amplitude  ground  clutter  and  visible  roadways  is  given  in  Fig.  III-S. 

2.  General  Performance 

The  basic  goal  of  the  MTD  development  was  to  produce  a  radar  target  sur¬ 
veillance  system  with  high  detection  probability  and  a  consistently  low  false 
alarm  rate.  The  experience  at  Burlington,  VT,  indicates  that  this  can  be 
achieved  at  a  site  where  extreme  ground  clutter  is  present.  Figs.  III-6a  and 
III-6b  show  100  scan  (approximately  8  min.)  plots  of  typical  periods  of  the 
Burlington  terminal  area  traffic.  The  tend.nal  MTD  is  designed  to  produce, 
and  in  fact  achieves,  typical  false-alarm  rates  of  less  than  one  per  scan,  and 
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Fig.  III-3.  Ground  clutter  (40dB  S/M)  at  Burlington,  VT. 
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Fig.  III-5.  Real-time  system  -  fixed  threshold  Mp  for  Burlington,  VT 
(1  "  low  level  threshold,  2  high  level  threshold) 
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peak  false-alam  rates  of  less  than  10  per  scan  In  adverse  conditions  (extreae 
angels,  fast  noving  saall  scale  weather).  There  Is  not  an  autonated  beacon 
systea  at  Burlington,  so  that  detailed  analysis  of  detection  probability  oust 
be  nade  using  flight  test  data,  or,  data  froa  aircraft  where  the  aircraft  al¬ 
titude  is  known.  However,  on  the  basis  of  targe ts-of -opportunity,  as  in  the 
previous  plots,  it  is  clear  that  for  aost  targets  the  detection  probability  is 
near  unity.  Figure  III-7  shows  the  track  of  a  target-of-opportunlty  in  rain 
clutter.  The  rain  return  in  this  data  represents  an  input  raln/nolse  power 
ratio  of  froa  ■<■25  to  ■<■30  dB. 

The  MTD-II  was  operated  at  BTV  for  a  period  of  approxiaately  18  aonths, 
starting  in  July  1978.  During  the  period  Aprll-October,  1979  considerable 
dedicated  flight  testing  for  perforaance  coaparisons  were  effected,  and  al¬ 
though  recordings  of  beacon  data  were  not  available,  knowledge  of  the  presence 
of  the  target  aircraft  within  radar  coverage  enabled  deteralnation  of  detec¬ 
tion  statistics.  The  flights  were  generally  conducted  using  saall  general 
aviation  aircraft  (cross-section  varied  froa  -3  dBSM  to  ■iB  dBSM),  and  followed 
trajectories  over  areas  of  large  ground  clutter.  For  the  controlled  tests, 
where  aost  of  the  alssing  target  reports  were  associated  with  extreae  clutter 
areas,  or  Channel-A  interference  blanking  of  the  HTD  processor,  the  KTD-II  de¬ 
tection  probability  wae  greater  than  0.94.  The  channels  were  operated  asyn¬ 
chronously,  and  each  Interfering  pulse  blanked  an  8-pulse  CPI.  A  typical  test 
aircraft  track  la  shown  in  Fig.  III-8  where  the  trajectory  includes  high  aa- 
plitude  ground  clutter  to  the  northwest  and  the  southeast  of  BTV.  Soae  tan¬ 
gential  legs  are  Included  to  teat  the  processing  of  sero-velocity  targets, 
using  the  clutter  aap. 

This  is  not  to  say,  however,  that  the  MTO  processor  can  detect  any  target 
over  any  area  of  clutter.  There  are  cells  at  Burlington  where  the  clutter  sa- 
plitude  exceeds  70  dB  S/H  (areas  principally  to  the  east  12  ■*'  14  iml  in 
range).  For  reasons  related  to  radar  systea  stability  (see  Section  4)  the 
aaxiaua  sub-clutter  visibility  (SCV)  possible  at  Burlington  is  approxiaately 
36  dB.  At  low  doppler  velocities,  achievable  SVC  is  soaewhat  less.  Thus 
there  are  instances,  soae  of  which  are  identified  below,  in  test  flights  where 
saall  targets  over  large  clutter  are  not  detected  with  high  probability.  In 
spite  of  this  the  target-of-opportunity  data  does  Indlcats  that  the  MID  detec¬ 
tion  perforaance  in  clutter  is  sufficient  (>  0.94)  for  the  traffic  nomally 
encountered  in  the  ares. 


C.  FAATC  -  Atlantic  City,  tU 


1.  Installation  and  Site  Description 


The  FAATC  MTD-II  installation  was  perforaed  principally  to  provide  a 
source  of  target  reports  (C&I  output)  to  a  DABS  sensor  for  use  in  the  develop- 
aent  and  testing  w.f!  algorlthaa  iapleaentlng  a  coabined  radar/beacon  surveil¬ 
lance  processor.  A  block  diagraa  of  the  installation  is  given  in  Fig.  I1I-9. 
The  ASR-7  at  this  site  is  a  single  channel  radar  used  for  engineering 
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Fig.  III-9.  MED/DABS  at  FAATC,  functional  block  diagram. 
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purposes.  Its  principle  function  Is  to  provide  radar  support  for  the  DABS 
sensor.  The  presence  of  the  co-rotatlng  DABS  beacon  permits  automatic  analy¬ 
sis  of  HID  position  accuracy  and  MID  target  detection  probability  for  targets 
which  meet  evaluation  angle  screening  criteria.  The  FAATC  site  Is  also  a  good 
source  of  data  for  design  of  algorithms  to  deal  with  bird-related  false 
alarms.  A  plot  of  the  FAATC  fixed  threshold  map  Is  given  In  Fig.  111-10. 
There  Is  no  ground  clutter  at  this  site  large  enough  to  produce  a  significant 
filter  bank  mismatch  and  the  relatively  few  fixed  threshold  cells  used  are  all 
due  to  visible  sections  of  roads. 

2.  Performance 

Samples  of  radar/beacon  automated  surveillance  output  are  shown  In  Fig. 
111-1  la,  and  b,  where  the  alphanumerlcs  are  used  to  Indicate  scan  number,  re¬ 
peated  at  Intervals  of  260.  The  first  figure  shows  MID  target  reports  and  the 
second  shows  reinforced  target  reports  and  radar/ beacon-only  reports.  Overall 
performance  for  targets  within  the  coverage  of  the  sensor  Is  >  0.99.  The 
beacon  system  alone  was  generally  0.97,  and  the  MTO  alone  was  0.94. 

The  radar-only  f alse-alarms ,  within  about  12  nml  of  the  sensor  are  re¬ 
sidual  "angel**  false  targets.  There  are  approximately  40  f alse-alarms  (about 
one  per  scan)  In  this  sector,  and  there  would  therefore  be  about  four  f alse- 
alarms  per  scan  total.  During  this  operation,  there  were  In  excess  of  2500 
"angel"  primitive  target  declarations  per  scan,  the  remainder  being  removed  by 
adaptive  fine/coarse  grain  thresholds.  The  fast-acting  coarse  threshold  was 
subsequently  Increased  to  further  reduce  the  bird  false-alarm  rate,  and  a  fac¬ 
tor  of  two  was  achieved,  without  an  Important  reduction  In  sensitivity  to  A/C 
targets.  Using  targets-of-opportunlty  within  coverage,  and  the  beacon  reports 
as  representing  "truth"  we  were  able  to  compute  MTD  azlmth/ range  estimate 
variances,  whenever  the  systems  operated  simultaneously.  During  normal  opera¬ 
tion,  a  small  percentage  of  the  NTD  reports  fall  to  correlate  with  the  beacon 
due  to  extreme  azimuth  error  (greater  than  0.4  degrees),  and  It  Is  necessary 
to  open  the  azimuth  error  (greater  than  0.4  degrees),  and  to  open  the  azimuth 
correlation  window  to  allow  these  reports  to  be  used  In  estimating  variance 
off-line.  An  example  of  one  such  measurement  containing  about  10*^  samples  Is 
shown  In  Fig.  111-12  for  azimuth  error.  The  range  error  was  essentially 
Gaussian  with  one  standard  deviation  of  200  feet. 

3.  Additional  Results 

Data  relating  to  target  report  quality  flags  and  fine-grain  adaptive 
thresholding  (Implemented  In  C&l)  were  obtained  and  are  presented  as  examples 
for  this  site.  Table  111-2  shows  the  result  for  a  sample  containing  about  10** 
reports,  using  targets-of-opportunlty  and  the  DABS  azimuth  estimate  as  truth. 


III-14 


NMl  FROM  SITE 


I109634-»l 


% 

>• 


.  •■~<#'‘ii«f**********x 
♦ 
I 

f 


T - 1 

*  RAOAR/BEACON  CORRELATION 
B  BEACON  ONLY 
S  RADAR  SUBSTITUTION 
R  RADAR  ONLY 


NMI  FROM  SITE 


Fig.  Ill-llb.  MTD  tracker  output  (50  scans)  at  FAATC. 
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Table  III-2 


il 


0  (Single  CPI) 


prox.  X  Observed 
50Z 
30% 

13% 

7% 


3X.  Variance 
0.09“ 

0.13“ 

0.25“ 

0.40“ 


NOTE:  Distributions  within  quality  are  only  approximately 
Gaussian. 

Figure  III-12  shows  the  overall  normalized  probability  distribution  of 
azimuth  error  for  these  target  reports,  and  Fig.  111-13  shows  the  data  broken 
down  by  quality  flag.  It  Is  this  attribute  of  the  report  that  adjusts  the  a, 
and  P  smoothing  coefficients  In  surveillance  processing  tracker  update. 

An  example  of  temporal  adaptivity  to  bird  false  alarms  is  shown  In  Fig. 
III-14.  This  is  one  of  880  fine-grain  adaptive  thresholds  used  to  control  the 
rate  of  bird  false  alarms  which  are  output  from  the  C&I  processor.  This  Is  a 
4  nml  by  4  nml  cell,  and  the  data  shown  Is  for  one  of  the  four  filter  groups 
being  thresholded,  the  others  are  zero,  6-7,  3-4-5.  The  rate  of  "small”  am¬ 
plitude  false  alarms  start  at  approximately  6/scan,  with  the  amplitude  thresh¬ 
old  set  at  about  -28  dBSM.  As  the  threshold  Is  increased  to  about  -15  dBSM, 
the  "small"  amplitude  false  alarm  rate  Is  reduced  to  about  0.3/scan.  This 
cell  has  about  twice  the  rate  of  the  average  cell  and  would  eventually  stabi¬ 
lize  at  a  somewhat  higher  threshold  value.  The  threshold  may  not  exceed  -10 
dBSM.  It  Is  clear  from  this  data  that  different  feedback  parcmeters  might 
allow  more  rapid  settling  of  the  fine-grain  thresholds,  and  allow  the  fast 
acting  course  threshold  to  be  relaxed  sooner.  This  Is  likely  to  be  site  and 
A/C  traffic  dependent,  and  can  be  "optimized"  for  each  environment  experimen¬ 
tally. 

D.  Bedford.  VA 

1 .  Installation  and  Site  Description 

The  Bedford,  VA,  Installation  Is  similar  to  that  at  Burlington,  VT,  in 
that  the  MID  processor  fed  one  of  the  two  operational  FFS-67  channels  and  was 
operated  simultaneously  with  the  ATC  common  digitizer  (CD)  In  a  dlplexed  (po¬ 
larization)  configuration.  At  this  location  too  it  was  necessary  to  blank  the 
MTD  cells  affected  by  the  CD  channel.  The  CD,  being  a  run-length  detection 
processor  did  not  require  blanking.  The  output  of  the  MTD  surveillance  pro¬ 
cessor  was  disseminated  In  CD  radar  format  over  a  standard  CO  serial  digital 
line  and  could  be  used  by  enroute  centers  In  the  same  fashion  as  CD  radar 
data.  A  block  diagram  Is  given  in  Fig.  III-15.  Due  to  scale  size  In  the  sig¬ 
nal  processor  range  sliding  window  CFAR,  It  was  necessary  to  reduce  the  pulse 
width  from  6  ysec  to  2.3  psec  and  to  Increase  the  receiver  bandwidth  accord¬ 
ingly. 
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Fig.  III-13.  Azimuth  error  by  target  quality. 
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Fig.  III-14.  Fine-grain  threshold  cell  no.  2  (filter  no.  1  &  2). 
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The  Bedford,  VA,  site  Is  typical  of  oany  enroute  sites  since  it  is  situ¬ 
ated  at  the  summit  of  a  mountain  (approx.  4200  ft.).  It  observes  gr-'^und  clut¬ 
ter  returns  over  a  substantial  area  but  very  few  cells  are  large  enough  to 
pose  a  serious  problem  to  the  MTD  filter  bank  (see  Fig.  III-16).  Of  more  im¬ 
portance  is  that  the  siting  is  such  that  moving  ground  traffic  is  visible  over 
large  areas  of  Che  radar  surveillance  space.  The  fixed  threshold  map  (see 
Fig.  111-17)  contains  a  large  number  of  cells,  the  maiority  of  which  represent 
those  in  which  frequent  ground  target  detection  occur.  Even  with  this  reason¬ 
ably  extensive  map  the  radar  false  alarm  rate  Is  significantly  higher  Chan  the 
terminal  MTD  processors,  principally  due  to  moving  ground  vehicles  on  smaller 
roads  too  numerous  to  map. 

2.  MTD  Performance 

The  MTD-II  was  operated  at  BVA  for  a  period  of  approximately  18  months, 
starting  in  February  1979,  and  the  goal  of  this  development  effort  was  Co  de¬ 
monstrate  that  automatic  digital  radar  target  extraction  could  be  achieved  un¬ 
der  all  conditions.  Performance  comparisons  were  conducted  against  the  opera¬ 
ting  primary  radar  channel  which  employed  the  CD  target  extractor.  The  ATCRBS 
beacon  system  was  used  as  the  basis  of  truth,  for  detection  statistics  during 
all  tests,  and  performed  at  95Z-97Z  P  throughout  the  testing  period.  The 
MTD-II  was  operated  %rich  essentially  the  same  algorithms  as  were  used  during 
Che  BTV  tests.  Some  parametric  variations  were  Introduced  into  Surveillance 
Processing  to  account  for  the  12  second  vs  4.7  second  scan  rate  and  to  handle 
military  targets  accelerating  up  to  3g.  In  addition,  track  initiation  logic 
was  modified  to  reduce  Che  number  of  false  tracks  due  Co  moving  ground  traffic 
which  could  not  be  censored. 

For  much  of  the  testing  period,  the  HTD-channel  operated  at  reduced  sen¬ 
sitivity  with  reference  Co  Che  CD-channel  due  to  the  shortened  pulse  (increas¬ 
ed  bandwidth),  and  a  failure  to  realize  a  compensating  channel  noise  figure 
improvement.  The  channels  were  normallized,  during  September  1980,  when  the 
MTD  channel  noise  figure  was  lowered  (low  noise  pre-amplifier)  to  compensate 
for  the  bandwidth  difference  (4  dB).  Although  much  of  the  performance  compar¬ 
ison  was  conducted  with  the  MTD  channel  somewhat  luss  sensitive  (-4  dB),  (the 
MTD  performed  well  despite  this  problem)  the  dlscusolon  of  performance  will  be 
limited  Co  the  testing  period  when  Che  channels  were  matched  in  sensitivity. 

At  ranges  less  chan  100  nml,  where  the  CD-channel  uses  MTI  processing  to 
cope  with  ground  clutter,  Che  MTD  consistently  perfonsed  ’’better”,  in  that  it 
more  nearly  matched  Che  beacon  system  in  P.,  P_.,  and  azimuth  estimate 
variance.  The  CD-channel  consistently  operated  at  'uwer  detection  rates  and 
at  higher  false  alarm  rates .  At  the  time  of  the  experiments  the  traffic  with¬ 
in  coverage  of  BVA  were  transponder-equipped.  At  ranges  greater  than  100  nml, 
Che  CD-channel  operated  in  ”normal”  mode,  and  performed  essentially  as  well  as 
the  KTD  in  the  absence  of  weather.  No  Important  angel  activity  was  observed 
throughout  the  testing  period  at  BVA.  The  CD  false  alarm  rate  was  excessive 
in  the  presence  of  weather  (hundreds  of  false  target  reports  per  scan).  The 
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■can).  The  MTD  performed  aa  expected  in  the  preaence  of  ground  clutter,  and 
tracked  tangential  traffic  ualng  the  ground  clutter  nap  CFAK  threaholdlng  al- 
gorlthn. 

The  KTD  tracker  output  for  a  flight  teat  A/C  la  ahovn  In  Fig.  111-18. 
Fig.  111-19  ahowa  20  acana  of  data  for  the  MTD  and  CD,  for  rangea  out  to  100 
nml.  The  CD  falae  alarm  rate  la  high,  and  although  there  waa  a  4-6  dB  CD  aen- 
altlvlty  advantage  at  thla  time,  the  for  both  ayatema  were  about  the 
■ame  (0.94).  Fig.  111-20  ahowa  target  reporta  during  a  37  acan  Interval  for 
MTD,  CD,  and  beacon.  The  ayatema  perform  at  about  the  aame  level,  but  the  CD 
operatea  with  a  greater  falae  alarm  rate. 

3.  Overview  of  MTD-11 

Some  MTD/CD  comparlaona  were  performed  by  peraonnel  of  the  FAATC  and  will 
be  reported  aeparately.  Although  the  HTD-11  proceaalng  ayatem  waa  Inatnlled 
at  BVA  for  approximately  two  yeara  there  were  only  two  relatively  brief  per- 
loda  during  September  1979,  and  then  again  during  September  1980,  when  careful 
performance  comparlaona  were  effected.-  Flight  teata  were  conducted  during 
theae  perloda  to  determine  relative  MTD/CD/Beacon  performance  and  the  reaulta 
of  the  September  1979  teata  will  be  dlacuaaed. 

Stationary  ground  clutter  at  BVA  waa  not  a  problem  for  the  MID-II  ayatem. 
In  chat  Che  front-end  STC  waa  able  to  control  the  clutter  to  a  level  within 
the  dynamic  range  of  Che  10  bit  A/D  convertera.  The  antenna  ayatem  at  Bedford 
la  tilted  at  approximately  2-1/2*  elevation  to  minlmtae  aome  of  the  ground 
clutter  effect  for  the  CD.  In  September,  1979,  the  antenna  ayatem  waa  tilted 
down  Co  approximately  1.5*  and  thla  of  courae  Increaaed  the  clutter  level  for 
Che  primary  and  MTD  channela.  The  MID  STC  waa  atlll  able  to  aupport,  with  the 
antenna  tilted  down,  and  It  la  in  thla  condition  that  a  aarlea  of  fllghta  wara 
conducted  at  altltudea  ranging  from  4  kft  to  13  kft,  to  dlaeover  whether  low 
altitude  coverage  could  be  affected  from  thla  hilltop  aite.  Theae  teata  were 
conducted  during  the  early  morning  houra,  approximately  0100-0500  (the  time  at 
which  we  were  able  to  get  a  aenaor  ahutdown)  and  of  courae  during  theae  houra 
Che  moving  ground  traffic  problem  waa  at  a  minimum,  and  our  falae  alarm  due  to 
thla  cauae  were  relatively  alight.  For  all  of  the  flight  of  the  teata 
conducted  In  September  1979  the  MID  performed  at  about  0.94  P.,  and  with 
Che  low  moving  ground  traffic  falae-alarm  rate,  the  net  output **falae-alarm 
rata  waa  comparable  to  the  BTV  experience  for  the  terminal  aenaor  ayatem. 

The  common  dlglclxer  waa  not  examined  carefully  during  theae  teata  be- 
cauae  of  cha  exceaa  ground  clutter  with  the  antenna  tilted  down.  However,  the 
beacon  auprorted  during  theae  teata  and  In  Fig.  III-21a  and  b  there  la  an  ex¬ 
ample  of  the  target  reporta  provided  by  the  ATCRBS  beacon  and  by  the  MID-II 
cracker  output. 
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Fig.  III-20.  Target  reports  using  target  extractor  at  Bedford,  VA 
HTD  vs  CD  vs  beacon. 


Fig,  III-21b.  Radar  reports  on  Gulf stream  aircraft  (4-Altltude  Flights). 


The  data  shown  Is  for  a  90-8can  Interval  (18  minutes),  and  Includes  one 
A/C  target-of-opportunlty.  The  beacon  reported  90  of  90  for  the  test  A/C  and 
40  of  41  possible  reports  for  the  target-of-opportunlty.  The  Mn>*-ll  reported 
85  of  90  for  the  test  A/C,  and  39  of  40  for  the  other.  Since  both  channels 
were  operating  asynchronously,  during  the  tests,  a  cross-channel  blanker  was 
used,  to  blank  the  MTD  processor  during  CD-channel  transmissions.  A  12  jisec 
gate  was  used,  thus  blanking  8  each,  8-pul8e  CPIs  for  each  CD  pulse.  Thus  5X 
of  the  MTD  processing  Interval  was  saturation-blanked.  However,  since  fewer 
than  402  of  centrolded  HTD  target  reports  are  single  CPI^  only  22  of  all  re¬ 
ports  are  lost.  Thus  2-3  of  the  above  missing  MTD  target  reports  may  be  at¬ 
tributable  to  this  effect,  and  the  resulting  bllp/scan  ratio  may  be  as  high  as 
0.98,  nwC  atypical  for  targets  at  this  range.  The  false-alarm  count  (moving 
ground  traffic)  was  approximately  50,  or  fewer  than  one  per  scan  In  this  cov¬ 
erage.  During  mid-day  the  false  alarm  count  might  be  ten  times  as  high  (5-6 
per  scan  In  this  sector  of  coverage).  Tilting  the  antenna  down  Improved  sen¬ 
sitivity  on  the  horizon  (approximately  4  dB  two-way),  a:'d  Improved  coverage  of 
low  altitude  traffic  close  to  the  sensor.  Moving  ground  traffic  false  alarms, 
however,  were  somewhat  Increased.  The  test  A/C  ms  moving  tangentially  with 
respect  to  the  radar,  at  a  ground  speed  of  240  iq>h,  during  scans  130-136 
(Mq-M^)  at  which  time  the  radial  velocity  was  less  than  +  14  mph.  De¬ 
tection  was  likely  to  have  resulted  from  zero-velocity  filter  declarations, 
over  30  dB  C./N  ground  clutter.  Indicating  a  scattering  cross-section 
In  excess  of  ■flO  uSM,  seen  broadside.  The  CD,  operating  In  the  MTl-mode  at 
this  range,  would  probably  have  missed  some  of  these  reports.  The  CD  data  for 
this  flight  (antenna  tilt),  was  not  examined,  thus  this  could  not  be  confirm¬ 
ed.  The  test  A/C  flew  this  trajectory  at  4K,  7K,  lOK,  and  13K  feet,  all  with 
essentially  the  same  results.  The  elevation  angles  varied  from  0  to  1.5 
degrees  for  this  geometry. 

Little  experience  was  gained  with  weather  and  angel  activity  at  BVA,  dur¬ 
ing  the  periods  of  formal  data  collection.  However,  false-alarms  from  '‘small" 
weather  cells,  was  experienced  on  a  number  of  occasions.  The  linear  CFAR 
weather  thresholds  were  operated  using  16  range  gates  (the  same  as  terminal 
ASR/MTD),  but  since  these  were  1/8  nml  gates  the  thresholded  Interval  was  2 
nml,  apparently  too  large  statlslcally  for  the  "small”  Instability  shower 
cells  encountered.  Under  conditions  of  widespread  Instability  showers  (sumswr 
conditions)  It  will  likely  be  necessary  to  operate  with  an  eight-gate  CFAR, 
and  absorb  an  additional  2  dB  thresholding  loss,  to  control  the  false  alarm 
rate.  If,  however,  automated,  contoured  weather  data  were  available,  then 
these  false  alarms,  which  track  the  weather  cells,  could  be  "handled”  hr  6TC 
controllers  without  censoring.  On  occasion,  anomalous  propogatlon  (ducting) 
was  experienced  at  BVA.  The  greater  Washington,  D.C.  area  at  a  range  of  ap¬ 
proximately  145  nml,  would  create  an  excessive  number  of  zero-velocity  filter 
false  alarms.  A  modification  to  the  C&I  fine-grain  adaptive  thresholding  al¬ 
gorithm  (not  tested  at  BVA),  allowing  for  density  CFAR  of  the  zero-velocity 
filter  should  eliminate  these  false  alarms. 


Vibereaa  In  the  ternlnel  environaent  (BTV,  FAATC)  the  MID-II  supported 
eutoaated  target  extraction  coaparable  to  the  ATCSBS/DABS  beacon  ayatens,  and 
handled  the  traffic  that  was  not  transponder  equipped,  this  was  not  the  case 
in  the  enroute  envlronaent.  The  enroute  beacon  systea  perfoms  well  because 
of  siting;  no  blockage,  reflecting  obetaclea,  diffracting  obstacles,  or  ground 
reflection  niltlpath,  while  the  radar  processor  laproveaents  Incri^ases  the 
probability  of  detecting  slow-aovlng  ground  traffic  In  ground  clutter. 

The  surveillance  processor  logic  used  at  BVA  was  essentially  the  saae  as 
that  used  for  BTV  and  was  not  optialsed  for  the  enroute  probleas  (12-second 
update  rate,  and  aovlng  ground  traffic  false  alaras).  More  developaent  effort 
Is  required  In  the  areas  of  track  Initiation,  target-to-tradc  association,  and 
track  saoothlng,  to  reduce  the  nuaber  of  slow-aovlng  ground  traffic  false 
alams,  and  to  support  laproved  track  Identity  continuity.  The  surveillance 
processor,  as  isq>leaented,  served  as  a  filter  to  reduce  the  output  false  alam 
rate,  and  used  a  slaple  A/C  tracking  function  for  this  purpose,  but  did  not 
atteapt  to  "force"  correct  association  for  considerations  of  aalntainlng 
target  Identification.  Still,  the  systea  does  perfora  the  eutoaated  target 
function,  and  will  peralt  operation  ox  the  enroute  antenna  at  a  lower  tilt 
angle,  thus  laprovlng  both  long  range  and  lower  altitude  coverage.  The  CD 
target  extractor  at  BVA,  operating  without  benefit  of  a  surveillance 
processor,  and  soae  adaptive  signal  processing  features,  generally  operated  at 
a  high  false  alam  rate  (20-100  per  scan).  Detection  performance  was  good 
where  "normal"  rather  than  "MTI"  mode  was  used.  Performance  In  rain,  and 
against  tangential  traffic  was  generally  poor,  with  eonaiderably  Increased 
false-alam  rates  In  rain.  TThus,  the  primary  long  range  L-Band  radar  system 
can  be  laproved,  using  MID  processing,  and  could  support  the  secondary  bMcon 
systea,  albeit,  without  code  or  altitude  data. 


IV.  MISCELLANEOUS  SYSTEM  ISSUES 


The  Burllngcoa,  VT  ASR-7  radar  site  represents  a  eery  difficult  ground 
clutter  envlronaent,  and  provided  unexpected  difficulties  for  autoaated  pro¬ 
cessing.  Although  the  antenna  is  tilted  up  to  2.5*  referred  to  the  horlsontal 
plane  (to  reduce  the  effects  of  ground  clutter),  the  hille  and  ridges  to  the 
east  and  southeast  subtend  a  2.5*  angle  to  the  site,  and  are,  therefore.  Il¬ 
luminated  at  the  peak  of  the  antenna  elevation  pattern.  Radar  reflectivity 
mas  high  (0-10  dS^)  and  the  range  (10-17  nal)  was  beyond  normal  STC  desen- 
sltlxation.  It  had  been  anticipated,  based  on  earlier  MTD  operating  exper¬ 
ience,  that  a  "few  handfulla"  of  stationary  singularities  would  exceed  the 
system  dynamic  range,  and  would  be  censored  by  saturation  testing.  Approxi¬ 
mately  .0052  to  .012  of  the  range/CPI  coverage  might  be  blanked  as  a  result, 
an^  this  was  considered  acceptable  for  terminal  coverage.  At  BTV,  tising  an 
R  STC  starting  at  13  nal,  there  were  approximately  4000  range/CPI  cells 
which  exceeded  the  dynamic  range  of  the  radar  system  (nearly  12  of  cells),  and 
censoring  was  considered  to  be  unacceptable.  The  effecta  on  automated  system 
performance,  and  the  solutions  implemented  in  MTD-II  processing  will  be  dis¬ 
cussed  in  this  section. 

A.  PIR-Pilters  and  Ground  Clutter 

Detailed  discussions  of  optimal  processing  in  the  presence  of  ground  and 
weather  clutter  are  presented  in  Refs.  1,  2  and  3,  and  will  not  be  dealt  with 
in  this  section.  As  a  practical  consideration,  statistical  clutter  dis^ibu- 
tions  and  scan-to-scan  temporal  variation  might  require  that  5  x  10^  op¬ 
timal  filter  banks  be  developed  for  each  antenna  scan,  and  stich  a  real-time 
processing  workload  thus  generated  would  be  beyond  today's  art.  The  surveil¬ 
lance  radar  systems  to  be  autoaated  are  in  operation  within  the  AIC  system, 
and  generally  have  unalterable  coverage,  scan  rate,  antenna  beamwidth,  and 
power/aperture  product. 

These  features  place  limitations  on  the  processors  which  can  be  used, 
since  PRF  is  controlled  by  range  coverage  requirements,  the  number  of  pulses 
per  beamwidth  is  controlled  hr  the  beamwidth,  scan  rate,  and  PRF,  etc.  The 
processor  selected  for  use  with  both  terminal  and  en  route  radar  systems  was 
based  on  8-pulse  CPIs,  dual  staggered  PRF,  and  approximately  two  CPIs  per  asi- 
muth  beamwidth  (two-way).  A  candidate  model  for  ground  and  weather  clutter 
was  postulated  (440  dB  Ground  Clutter/Noise,  and  uniform  weather  clutter  at 
all  velocities,  except  for  a  window  about  the  velocity  of  interest),  and  the 
optimum  processor  computed  for  this  model.  Eight  each  eight-point  FIR  filters 
were  developed  to  "nearly"  match  the  performance  of  the  optimum  processor,  in 
velocity  space.  Fewer  than  eight  pulses  would  sacrifice  integration  gain,  and 
more  than  eight  would  provide  redundant  coverage  in  velocity  space  at  increas¬ 
ed  processing  load.  The  filter  bank,  as  described  in  Section  II,  is  nearly 
optimum  for  the  clutter  model  descri!^  above.  It  is  not  optimum  for  clut- 
ter/nolse  below  or  above  440  dB. 


IV-1 


1.  Cumulative  Distribution  Function  of  C^/N 


The  cumulative  distribution  function  for  the  BTV  site  is 
shown  in  Fig.  IV-1,  and  shows  that  there  is  a  7&  dB  dynamic  range.  Those 
cells  with  C^/Nq  less  than  +40  dB  (98Z  or  more)  arc  affected  "gaps"  in 
velocity  space  near  zero-velocity,  which  might  be  covered  by  modi  Tied  1  and  7 
filters.  The  penalty  here  is  small,  statistically,  since  most  of  the  range- 
/CPI  cells  (805!)  have  no  clutter,  and  detection  using  the  zero  velocity  clut¬ 
ter  map  cover  the  velocity  space  near  zero.  Those  cells  vrtth  Cj_/NQ  great¬ 
er  than  +40  dB  (?..0%)  affect  tha  system  by  producing  false  alarms,  due  to 
cliittai"  scanning  modulavifsn  residue  Iti  the  non-zero  velocity  filters.  This 
probl'’Tn  has  to  be  dealt  with  la  an  automated  processing  system,  since  excess 
moving  target  false  alarnis  subjectively  distract  air  traffic  controllers  more 
tnsn  a  slight  reductio;!  in  refl  targd:  detection  probability.  For  this 
reason,  adaptive  and  deterministic.  (.:it c-denendent)  algorithmic  modifications 
were  implemented,  to  limit  the  rate  or  ground  clutter-induced  false-alarms  per 
scan  to  fewer  than  one,  even  though  10  range/CPI  cells  are  candidates  for 
false  primitive  tarpt>t  declarations. 

The  techniques  for  adaptive  (cell-bv-cell  velocity-dependent)  desenslti- 
za^iJ.'C,  and  fixed-man  dependent  desensJ  t.>  zation/censoring  were  described  in 
Section  il,  above,  and  will  ne  disco’ssed  iti  novo  detail  later  in  this  section. 

?.,  Radar  System  ijmtabl  l^'_y 

System  gain,  phase,  and  timing  instabilities  which  contribute  to  AC  resi¬ 
due,  after  cancellation,  become  increasingly  important  as  higher  MTI  Improve¬ 
ment  factors  are  sought.  Whereas  +30  dB  (DC/ AC)  instability  residue  systems 
have  been  adequate  for  limiting  multi-pulse  clutter  cancelling  processors  un¬ 
til  recently,  the  fCTD-II  processor  requires  +49  dB  (DC/AC)  Instability  residue 
to  prevent  high  amplitude  ground  clutter  returns  (+51  dB  C./N  )  from 
causing  false  primitive  target  declarations  In  the  finite  velocity  filters. 
Even  at  this  level,  nolse-plus-clutter  instability  residue  la  Increased  by  ap¬ 
proximately  +4  dB  referred  to  front-end  system  noise  alone,  and  increases  the 
false  alarm  rate  per  filter  to  10”^  from  10“^  set  by  CFAR  thresholding. 
Considering  the  BTV  ground  clutter  statistics  shown  in  Fig.  IV-1,  a  large  num¬ 
ber  of  cells  are  affected  by  radar  system  Instabilities  (4000  range/CPI  cells, 
and  seven  filters  each).  The  BTV  magnetron  radar  system  provided  a  level  of 
+42  dB  (DC/ AC),  and  required  adaptive  desensltlzation  to  control  the  rate  of 
fale^-alarms  (at  +51  dB  C./N  the  rcsidue/M  ,  was  +9  dB  for  fil¬ 
ters  1-7).  This  feature  limits  fhe  SCV  performance  even  at  midband  (PRF/2). 
The  magnetron  radar  system  at  FAATC  provided  +47  dB  (DC/AC)  Instability  resi¬ 
due,  and  carefully  designed  klystron  systems  achieve  In  excess  of  +50  dB  at 
S-band. 


Fig.  IV-1.  BTV  clutter,  cumulative  probability  distribution. 


IV-3 


Although  the  alngle  frequency,  aerrmr-hend  AM/FPS-67  klystron  systee,  op¬ 
erating  at  L-bend  could  achieve  In  excess  of  -^60  dB,  only  elnor  aodlflcetlons 
were  added  to  the  BVA  systea,  and  the  systee  supported  at  4A2  dB  to  445  dB 
(DC/AC)  Instability  ratio  during  field  testing.  Since  hl{^  ai^lltude,  over¬ 
loading  ground  clutter,  was  not  an  laportant  feature  at  BVA,  this  level  of  In¬ 
stability  residue  was  tolerable. 

When  operating  without  Halting  the  had  an  Instantaneous  dynaalc 
range  of  51  dB,  and  47.7  dB  of  coherent  Integration  gain  (49  dB  noalnally,  re¬ 
duced  by  1.3  dB  of  weighting  alsaatch  loss  to  control  filter  velocity  side 
lobes).  Neglecting  other  losses,  the  alnlaua  required  17  S/M  required  to  sup¬ 
port  P.  of  0.5,  and  of  10~^  la  44.3  dB.  This  signal  would  be 
detectaole  In  the  presence  of  a  ground  clutter  signal  of  451  dB  S/N  In  the  ab¬ 
sence  of  systea  Instabilities.  The  systea  SCV  under  these  conditions  would  be 
46.7  dB,  without  considering  effects  of  clutter  scanning  modulation  residue, 
at  this  point.  For  the  case  of  systea  Instability  residue  of  442  dB,  the  res- 
Idue/N^  level  would  be  49  dB,  **  CFAR 
threshold  raised  by  9  dB  thus  reducing  systea  SCV  to  37.7  dB.  Soaewfeat  less 
severe  deaenaltlzatlon  alght  be  eaployed  at  the  expense  of  Increased  clutter 
falae-alara  rate.  However,  It  Is  clear  that  If  systea  SCV  values  In  excess  of 
40  dB  are  to  be  achieved,  aore  care  will  be  required  In  designing  the  radar 
systea  for  Instability  residue  ratios  In  excess  ^  50  dB. 

3.  Lladtlng 


The  cuaulatlve  probability  distribution  function  of  the  BIV  ground  clut¬ 
ter  C./M  Is  shown  In  Fig.  IV-1.  Aaplltude  Halting  was  eaployed  to 
keep  ul  of  the  range-CPl  cells  within  the  dynaalc  range  of  the  slgnel  proces¬ 
sor  (Halted  to  451  dB  C./N^  by  the  10-blt  A/D  converters).  A  func¬ 
tional  block  dlagraa  of  the  IF  video  processor  Is  shown  in  Fig.  IV-2,  describ¬ 
ing  the  lapleaentatlon  of  Halting,  ahead  of  the  I/Q-A/D  converters.  The 
geln-transfer  fraction  of  the  Halting  IF  section  Is  shown  in  Fig.  IV-3.  For 
sero-veloclty  ground  clutter  signals  within  the  llnea?  range  of  the  systea, 
scanning  modulation  residue  Is  Introduced  Into  the  finite  velocity  filters  due 
to  aaplltude  modulation  of  the  pulses  In  the  8-pulse  CPI,  resulting  from  the 
two-way  antenna  pattern,  es  a  stationary  target.  The  resldue/nolse  for  fil¬ 
ters  I  and  7  Is  shown  In  Fig.  IV-4  for  a  451  dB  C./N  ground  clutter 
singularity.  sero-veloclty  filter  response  Is  shown  UtB  -*9  dB  (8-pulse) 


Integration  gain,  a^.H^ugb  the  filter  actuaUy  Implemented  has  only  45  dB 
gi.:^.  The  residue  to  noise  (filters  1  and  7)  reaches  a  peak  at  boreslght  of 
411  dB,  and  would  cause  nrlaltlvs  terget  felse  alaras  at  a  rate  near  unity  per 


scan.  Filters  1  and  .  are  designed  to  be  optlaua  for  C./N  *  440  dB, 
end  the  resldue/noiss  for  this  case  would  be  0  dB;  desenslnzAlon  against 
ground  clutter  residue  would  not  be  required,  since  the  weather  '..reshold 

Is  set  to  *14  dB.  Resldue/nolse  for  filters  2/6,  3/5,  and  4  is  lower  then 
that  shown  for  1/7,  and  Is  less  of  e  problea.  The  resldue/nolse  for  filters 


Pig.  IV-2.  IP-videb  processor. 
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IN  dB  REFERRED  TO  1.024  VOLTS 


Fig.  IV-3.  Llaltlng  IF  transfer  function. 
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POST-PROCESSING  SIGNAL  OR  RESIDUE  TO  NOISE  (dB) 


CENTER  OF  E-FULSE  CFI  REFERRED  TO  BOREDNIHT  (DEQRSia) 


Fig.  IV-4.  Ground  clutter  scanning  modulation  residue  (linear). 


1  and  7  under  conditions  of  overloading  clutter  (-h?!  dB  C./H  )  and  20 
dB  of  peak  Uniting  la  ahown  In  Fig.  IV»S.  The  resldue/nolae  reachM  peaka  of 
•f21  dB  on  either  aide  of  borealght  for  linear  processing.  An  exaaple  showing 
the  pulse  aaplltudes  for  an  8-pulse  CPI  Is  presented  In  Fig.  IV-6.  The  two- 
way  antenna  voltage  pattern  used  for  all  exanples  is: 


A  .  A, 

6  is  In  degrees 

Antenna  scan  rate  -  76.S*/sec,  and 
PRI  -  1100  paec. 


The  nomallxed  (one-sided)  velocity  response  of  stationary  ground  clutter  Is 
ahown  In  Fig.  IV-7  with  the  response  of  filter  1,  near  zero-velocity,  having 
Its  peak  at  11.3  a/ sec.  (At  the  alternate  PRF,  this  filter  response  peaks  at 
13.8  ay  sec).  In  order  to  reduce  the  value  of  prlnltlve  target  ^claratlons  In 
regions  of  high  clutter/noise  (greater  than  440  dB  C^/B^)  due  to  acan- 
nlng  aodulatlon  residue,  a  fraction  of  the  noraalllzed  zero-velocity  aagnltude 
waa  added  to  the  oean-level-threshold  (MLT)  value  for  each  non-zero  filter  In 
the  range-CPI  cell  being  processed: 


MLT 


fi 


Ao  ■  0  velocity  filter  ■agid.tude 

>  Filter  dependent  desensltlzatio  *  constant 

This  Is  only  an  approximation  to  the  actual  value  required  .o  maintain  a  con¬ 
stant  clutter  false  alarm  rate,  but  was  used  to  reduce  the  rate  of  primitive 
target  declarations  being  handled  on  the  multi-processor  Interface  bus  between 
computers . 


4.  Fixed-Threshold  Map 

A  static  threshold  map  Is  used  to  further  control  tie  false  alarm  rate  In 
the  C&I  processing  stage.  A  map  was  developed  for  BTV  us'ng  two  levels  of  de- 
sensltlzetlon  for  two  filter  groups  (1,  2,  6,  7  and  3,  4,  5)  with  granularity 
of  1/4  nml  by  2  CPIs.  In  the  absence  of  severe  weather  clutter,  the  system 
operated  at  output  false-alarm  rate  of  fewer  than  0.3  per  4.7  second  scan 
while  supporting  aircraft  P.  ^  than  0.94,  for  targets-of-opportunlty  and 
flight-test  aircraft. 

5.  Clutter  Residue  Mapping  Processor 

The  two-stage  process  of  reducing  false  alarms  due  to  high  amplitude 
ground  clutter,  described  above,  represents  a  non-optimum  solution,  since  only 
a  few  desensltlzatlon  levels  were  Implemented,  and  these  controlled  by  high 
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Fig.  IV-5.  Ground  clutter  scanning  aodulation  residue  (20  dB  limiting). 
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of  the  temporally  smoothed  scanning  modulation  residue,  In  each  ran;  'CPI/£11- 
ter  cell.  Due  to  a  limitation  of  auxiliary  memory  space,  only  10  (160 
ea.  1/16  nml  range  cells)  of  coverage  was  Implemented,  using  six  prc  -.easing 
modules,  and  the  spare  (seventh)  was  used  for  normal  CFAIl  processing.  Exam¬ 
ples  of  comparative  data  are  shown  In  Figs.  lV-8  and  Fig.  lV-9.  An  e:q>anded 
view  of  +30  dB  ground  clutter  contours  Is  shown  In  Fig.  IV-10, 
to  Indicate  the  cause  of  false-alarms  In  Figs.  IV-8  and  lV-9.  Although  there 
were  Intervals  during  which  the  residue-map  processor  outperformed  the  CFAR- 
RAG-HAP  processor  (same  or  better  P.,  lower  false-alarm  rate)  the  average 
performance  differences  were  negllglMe,  as  can  be  seen  In  the  abov '  exam¬ 
ples.  This  was  a  surprising  result,  since  the  mechanl8m(s)  which  wou.  cause 
the  residue-map  processor  to  produce  a  hlgher-than-expected  false  alenn  rate 
were  not  then  understood.  A  limited  number  of  experiments  were  condusted  to 
explore  the  nature  of  the  problem  and  although  explanations  for  failure  of  the 
residue-map  processor  were  discovered,  the  underlying  nature  of  this  problem 
Is  still  not  well  understood. 

The  antenna  system  was  stopped  (pointing  at  hlgh-amplltude  clutter)  and  a 
single  range  gate  was  sampled  continuously  (single-gate  processing  SGP).  Sys¬ 
tem  Instability  residue  was  examined  using  a  real-time  64-pt  FFT  processor  and 
display  system  to  monitor  this  single  resolution  cell  without  antenna  scanning 
modulation  effects.  Isolated  ground  clutter  singularities  behaved  as  expec¬ 
ted,  In  that  long-term  (10-20  minutes)  C./N  was  constant  to  within  a 
fraction  of  1  dB,  as  observed  at  the  output  of  tSe  signal  processor  after  fil¬ 
tering  and  magnitude  functions.  Cells  which  were  part  of  distributed  ground 
clutter  regions  behaved  differently. 

Fig.  lV-11  shows  a  70-second  "event”  which  was  typical  of  the  output  mag¬ 
nitude  variations  observed  In  filters  I  and  7  over  a  one-hour  period.  Since 
temporal  smoothing  of  the  residue  map  was  on  the  order  of  38  seconds  (7/8  map 
+  1/8  new  value  each  4.7  seconds)  the  threshold  value  does  not  track,  and 
about  8  scans  operate  at  high  Pc  .  These  features  are  distributed  In 
range,  because  the  linear  CFAR  thresholding  technique  Is  not  subjected  to  the 
same  false  alarm  mechanism.  The  1/16  nml  cell  being  observed  was  at  approxi¬ 
mately  13.3  nml  range,  and  the  peak  S/N  could  be  attributed  to  rain  at  +5  dBz 
or  even  a  clear  air  refractive  Index  gradient,  moving  at  the  mean  velocity  of 
the  air  (+25  mph  for  filters  1  and  2).  This  technique  "worked”  as  expected  on 
cool,  clear,  dry  nights,  but  In  general  did  not  perform  as  well  as  the  CFAR 
technique. 

B.  High-Angle  Coverage  with  STC 

The  operating  Mil-channel  at  BTV  used  an  8  nml  R^-STC  which  flattened 
at  20  psec  ("1.6  nml),  while  the  MID  channel  used  a  13.2  nml  R^-STC  which 
flattened  at  the  limit  of  attenuation  (40  dB).  Thus  A/C  at  short  range  and 
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Fig.  IV-10.  30  dB  Cj/N_  contours  for  area  which  Includes  regions  of 

Figs.  IV-8  and  IV-9. 


high  angle  (over  flights  with  teat  A/C)  could  be  missed  by  the  MTD  channel  and 
detected  by  the  KTI  channel*  The  KID  channel  STC  characteristic  was  required 
to  prevent  overloading  the  minicomputer  C&l  processor,  and  It  was  necessary  to 
demonstrate  that  high-angle  coverage  would  be  achieved  with  newer  antenna  sys¬ 
tems  (ASR-8/9)  at  sites  similar  to  STV.  The  ASR-7  antenna  was  tilted  up  to 
4.7*,  to  simulate  the  passive  homfeed  of  the  ASR-8  antenna,  as  shown  In  Fig. 
IV-12.  Test  flights  %fere  conducted,  and  It  was  demonstrated  that  both  the  MTI 
and  MTD  channels  had  comparable  hlgh-angle  performance  near  the  airport.  Si¬ 
multaneous  multi-scan  photos  of  both  MTD  and  MTI  PPIs  were  taken  to  confirm 
Identical  coverage  In  this  region  near  the  sensor.  Examples  are  shorn  In  Ap¬ 
pendix  B  which  describes  the  MTD  video  reconstitutor. 

C.  System  Software 

A  long  standing  goal  of  the  FAA/LL  MTD-II  development  program  was  to  Im¬ 
plement  both  the  structured  front-end  high-speed  digltlal  signal  processing, 
and  the  data  adaptive  post-processing  algorithms  In  a  programmable  processor 
with  a  "small'*  number  of  card  types,  which  could  operate  with  programs  stored 
In  ROMs.  The  PMP-2  was  developed  during  1976-1977  with  this  capability,  and 
there  was  a  plan  from  the  outset  to  demonstrate  this  feature.  It  was  recog¬ 
nized  early  in  the  program  that  coding  Into  this  machine  would  be  difficult, 
and  post-processing  algorithms  would  undergo  a  long  development  phase,  thus  It 
was  decided  to  Initially  Implement  these  algorithms  In  a  commercial  minicom¬ 
puter,  which  could  be  coded,  using  a  higher  level  language.  This  enabled  us 
to  demonstrate  the  entire  system  In  real-time  operation  at  an  early  date. 
Once  the  post-processing  algorithms  were  "frozen",  we  planned  to  code  the  Cor¬ 
relation  and  Interpolation  (C&I)  algorithms  Into  the  Processing  Module  (PM) 
which  was  provided  for  this  purpose. 

Although  C&I  algorithms  were  still  undergoing  minor  modifications,  this 
task  was  started  during  October  1973.  Coding  was  completed  In  approximately 
six  months,  and  the  real-time  system  was  debugged  and  cycling  In  eleven 
months.  A  functional  block  diagram  of  the  ASR-7 /MTD-II  test  system  Is  shown 
In  Fig.  IV-13.  The  PMP/PM  was  connected  to  the  IEEE  system  bus,  received 
prlialtlve  target  reports  In  parallel  with  the  Data  General  Eclipse  S/130  C&I 
processor.  The  PM  formatted  target  reports  and  transmitted  these  to  the 
Eclipse  S/130  via  the  IEEE  bus,  for  recording  only.  This  system  cycled  in 
real  time,  during  September,  1979,  with  both  the  PMP/PM  and  Eclipse  S/130  per¬ 
forming  the  C&I  function  simultaneously.  The  algorithms  which  cycled  were  not 
Identical,  since  the  S/130  contained  the  "very"  latests  real-time  version, 
while  the  PM  was  a  few  months  "old".  Still,  the  algorithms  were  close  enough 
to  be  worth  comparing  against  targets-of-opportunity  In  the  local  environment. 

A  flfty-3can  sample  of  data  was  chosen  to  evaluate  the  relative  perfor¬ 
mance  of  the  PMP/PM/C&I  compared  to  the  S/130/C&I  (which  contained  the  speci¬ 
fied  algorithms).  Fig.  IV-14  shows  a  49-scan  record  of  the  output  of  the 
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s/130  CSX  In  a  20  nal  x  20  nal  region  to  the  Northeast  of  the  Katahdln  Bill 
ASR-7  radar  alte.  There  are  ten  A/C  In  coverage  during  this  A-nlnute  Inter¬ 
val.  The  P.  for  these  targets  Is  0.96  (358/374),  and  the  noise  false 
alams  In  this  coverage  are  consistent  with  a  of  10~^.  During  this 
Interval,  the  sane  primitive  target  reports  were  processed  by  the  PMP/PM  In 
real  time,  and  the  C&I  output  la  shown  In  Fig.  IV-15.  As  can  be  seen  by  com¬ 
paring  these  results,  the  correlation  Is  "nearly”  perfect.  The  PMP/PM/ C&I 
agrees  with  the  S/130  C&I  In  361  of  374  A/C  target  reports,  and  53  of  59  noise 
false  alams  are  In  agreement.  There  are  four  noise  false  alarms  (shown  cir¬ 
cled  In  Fig.  IV-14),  declared  by  the  S/130  processor,  that  are  not  declared  by 
the  PMP/PM  processor. 

Although  the  PMP/PM/ C&I  code  was  not  current  (In  minor  respects).  It  pro¬ 
duced  the  "same"  clustered  reports  In  96Z  of  the  cases,  for  this  sample  of  ten 
A/C  tracks;  better  In  3  (80/73),  the  same  In  5  (198/198),  and  worse  In  2  (80/ 
83).  The  agreement  was  "good  enough”  to  consider  PM/ C&I  to  have  been  success¬ 
fully  l^)lemented.  This  system  could  easily  handle  the  DABS  specified  target 
loads  In  real  time.  The  system  used  approximately  20Z  of  real  time  while  han¬ 
dling  5000  primitive  targets  per  scan,  and  cycling  diagnostic  code  In  real 
time.  It  handled  100  clusters  per  second,  and  output  clustered  reports  within 
2-3  CPIs  after  closing  the  cluster.  The  Input  buffer  could  handle  40  CPIs  at 
maxim«M  rate  of  target  declaratlona,  compared  to  24  CPI  maximum  specified. 
Details  relating  to  organization  of  the  PMP/PM  Processor  are  contained  In  Ap¬ 
pendix  B. 
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APPENDIX  A 


TECHNICAL  DATA  PACKAGE  FOR  AIRPORT  SURVEILLANCE  RADAR 
WITH  MOVING  TARGET  DETECTION  (ASR-KTD) 


1.  SCOPE 


This  document  specifies  an  air  traffic  control  airport  surveillance  radar  with 
high  performance  moving  target  detection  and  weather  suppression  capability. 
Realization  of  the  radar  may  be  by  the  addition  of  a  Moving  Target  Detector 
(MTD)  radar  signal  processing  subsystem  to  existing  Airport  Surveillance 
Radars  (ASR's),  or  by  inclusion  of  th.  signal  processing  features  within  a 
new  ASR  from  design  inception.  Addition  of  the  MTD  radar  processing  system 
to  existing  ASR's  requires  th'*t  modifications  be  made  to  the  radar  transmltter- 
rucelver.  Performance  and  eslgn  requirements  for  the  hardware  and  software 
of  the  composite  ASR-MT'^  whether  realized  as  a  new  or  modified  and  expanded 
ASR  system, are  cove-  .  in  this  specification. 

2.  ’C/  .iiuL  DOCUMENTS 

(Byi'eFAA). 

3.  REQUIREMENTS 

This  specification  covers  an  air  traffic  control  surveillance  radar  with  moving 
target  detector  signal  processing  system  (ASR-MTD).  The  functional  performance 
requirements  stated  herein  shall  be  met  by  employing  cost-effective  design. 
Grouping  of  the  functional  performance  requirements  by  "subsystem"  and  "unit" 
(system  timing  unit,  MTD  signal  processor  subsystem,  etc.)  in  this  specification 
is  not  Intended  to  imply  a  specific  architecture,  and  the  contractor  la 
encouraged  to  propose  the  most  cost-effective  Implementation  believed  possslble 
of  the  functions  specified. 

I 

3.1  Equipment  and  Servlceii  to  be  Supplied  by  the  Contractor. - 

3.1.1  Basic  Hardware.—  ASR-MTD  hardware  consisting  of  an  analog  IF  subsystem, 
analog-to-dlgital  (A/D)  converters,  a  digital  signal  processor,  a  surveillance 
processor,  a  system  timing  and  control  unit,  a  display  processor,  and  a 
maintenance  PPI  shall  be  provided.  An  overall  block  diagram  of.  the  system  is 
shown  in  Figure  3. 1.1-1.  MTD  processing  subsystems  shall  be  provided  for  each 
radar  channel.  Switchover  between  radar  signal  processing  channels  shall  be 
effected  as  a  part  of  the  channel  change-over  procedure. 

Subsystems  shall  be  provided  to  drive  FAA  AT(’  displays  and  to  interface  with 
a  collocated  beacon  system. 

3.1.2  Support  Hardware.-  A  subsystem  shall  be  provided  for  on-line  per¬ 
formance  monitoring  of  both  the  on-line  and  backup  channels.  This  subsystem 
will  Include  a  special  purpose  interface  between  the  A/D  converters  and  the 
digital  signal  processor  to  provide  access  for  a  digital  spectrum  analyzer 
for  measuring  the  coherence  level  of  the  radir  system  when  required.  A 
special  purpose  display  processor  is  required  to  combine  decoded  beacon 
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signals,  processed  MTD  radar  target  reports  and  t«o->level  weather  contour 
data,  and  to  deliver  two-level  (on/off)  video  signals  to  the  radar  site 
maintenance  PPI  display  and  to  the  TRACON/TRACAB  displays  in  p-6  format. 


A  test  target  generator  shall  also  be  provided  to  simply  controlled  moving 
target  signals  to  the  radar  system  for  the  on-line  performance  monitoring 
of  each  channel.  A  special  purpose  saintenance  display  shall  indicate  to 
maintenance  personnel  the  status  of  individual  subsystems. 

3.1.3  Software.-  Software  required  for  each  subsystem  shall  be  provided  as 
described  In  this  specification.  The  software  shall  be  modular  such  that  it 
shall  be  possible  to  make  relatively  major  changes  without  severe  impact  os 
the  remainder  of  the  system  software. 

The  functions  specified  In  this  specification  do  not  fully  describe  validity 
checking  or  error  detectlon/correctlcn  procedures.  The  contractor  shall 
Incorporate  such  procedures  In  his  computer  programs  In  accordance  with 
good  programming  practice.  The  realization  of  Irrational  numbers,  transcen¬ 
dental  functions,  and  stored  constants  shall  make  use  of  appropriate  approx¬ 
imations,  table  lookup  and  Interpolation  to  avoid  costly  computational  tech¬ 
niques  . 

3.1.4  Materials  and  Services.-  The  contractor  shall  provide  all  necessary 
manpower  and  materials  to  design,  fabricate,  modify,  assesdtle,  deliver  and 
Install  the  Airport  Surveillance  Radar  and  (Moving  Target  Detector  system 
(ASR-4fro)  specified  In  this  document.  Also,  the  contractor  shall  inter¬ 
connect,  test  and  demonstrate  the  ability  of  all  subsystems  to  support  the 
system  performance  requirements  specified.  The  contractor  shall  provide 
all  necessary  services  and  materials  to  design,  fabricate,  test,  and  deliver 
all  software  specified  herein.  Any  feature  or  item  necessary  for  the  proper 
operation  and  evaluation  of  the  radar/radar  signal  processing  system  specified 
herein  shall  be  Incorporated  even  though  that  item  may  not  be  specifically 
described . 

3.2.1  Performance  Requirements. - 

3. 2. 1.1  Surveillance.-  The  ASR-HTD  radar  shall  perform  surveillance  of  all 
aircraft  within  its  coverage  volume  under  all  conditions  of  ground  clutter, 
weather  clutter  and  angel  activity,  consistent  with  radar  system  sensitivity, 
coherence,  dynamic  range  and  the  level  of  adaptive  thresholds.  Kaxlmum  range 
shall  be  60  nml,  site  adaptable  to  shorter  ranges  when  appropriate.  When 
collocated  with  a  non-autoroated  radar  beacon  system,  the  ASR-MTD  radar  target 
reports  shall  be  converted  to  two-level  (on/off)  video  for  display  on  standard 
FAA  TRACON/TRACAB  PPI  displays  (p-O  format).  Vfhen  collocated  with  beacon 
systems  equipped  with  digital  processing  subHystema,  for  example  DABS,  the 
MTD  radar  shall  output  digitized  radar  target  declarations  after  correlation 
and  Interpolation  (C&I)  to  the  beacon/radar  correlator. 
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3. 2. 1.2  Capacity.-  The  ASR-MTD  shall  be  capable  of  handling  a  total  of  400 
aircraft  distributed  uniformly  or  non-unlformly  In  azimuth.  Including  limiting 
cases  of  non-uniform  distribution  as  follows: 

(a)  a  peak  of  25  aircraft  uniformly  distributed  In  an  11.25-degree 
sector,  for  not  more  than  eight  consecutive  sectors. 

(b)  a  short-term  peak  of  12  aircraft  In  a  1.3-degree  azimuth  wedge, 
for  not  more  than  four  contiguous  wedges. 

3. 2. 1.3  Data  Delays.-  ASR^lTD  surveillance  data  shall  be  processed  and 
available  for  beacon/radar  correlation  (after  C4I)  within  3/64  scan  after 
the  data  Is  valid.  ASR-MTD  surveillance  output  to  the  display  processor 
(after  surveillance  processing)  shall  be  available  within  10/32  scan  after 

valid  time. 

3. 2. 1.4  Range  Accuracy.-  For  an  aircraft  target  with  median  S/N  greater 
than  30  dB,  the  range  errors  shall  not  exceed  +l/32-nml  bias  and  20Q-ft. 

rms  Jitter. 

3. 2. 1.5  Azimuth  Accuracy.-  For  an  aircraft  target  with  median  S/N  greater 
than  -fSO  dB  and  at  an  elevation  angle  of  1  degree-20  degrees  with  respect 
to  the  radar  antenna  horizontal  plane,  the  ASR-MTD  processor  shall  achieve 
an  azimuth  accuracy  of  0.16  degrees,  rms.  For  elevation  angles  greater  than 
20  degrees  with  respect  to  the  horizontal  plane  of  the  radar  antenna,  the 
rms  error  shall  not  exceed  0.15/(cos  elevation  angle)  degrees. 

3. 2. 1.6  TWo-Level  Weather  Contours.-  Estimates  of  rainfall  rate  (rain 
reflectivity)  shall  be  developed  by  adding  together  signals  over  1-nml  range 
Intervals,  compensating  for  range  (centroid  of  this  Interval)  and  sensltlvlty- 
tlme-control  (STC) ,  and  determining  whether  programmed  levels  of  rainfall 
rate  have  been  exceeded.  Radar  signal  processing  shall  be  effected  in  blocks 
of  eight  pulses  (coherent  processing  Intervals-CPIs)  and  there  shall  be  at 
least  512  such  Intervals  during  each  full  scan  of  the  radar  antenna.  Detec¬ 
tion  of  weather-level  threshold  crossings  shall  be  effected  during  alternate 
CPIs,  at  least  256  times  during  each  full  scan  of  the  antenna.  Smoothing  of 
the  threshold-crossing  data  shall  be  effected  In  the  correlation  and  Inter¬ 
polation  processor  for  formatting  and  transmission  to  either  the  beacon 
system  or  to  the  MTD  surveillance  processor,  for  output  to  analog  display 
processing  units.  The  estimates  of  rainfall  rate  thus  derived,  shall  be 
accurate  to  within  +3  dB  (referred  to  nominal  dBz  value)  for  those  range/ 
azimuth  cells  In  which  the  raln/flxed  ground  clutter  Is  equal  to  or  greater 
than  +10  dB.  For  those  range/azimuth  cells  where  the  fixed  ground  clutter 
signal  Is  high  compared  to  the  rain-reflected  signal  the  equivalent  of  a  two- 
pulse  canceller  shall  be  used  to  reduce  the  ground  clutter  signal  prior  to 
contour  smoothing.  The  error  thus  Induced  in  estimating  the  rainfall  rate 

In  these  cells  shall  be  considered  acceptable.  Contours  of  two-levels  of 
rainfall  rate  shall  be  developed  and  updated  at  intervals  of  six  (6) 
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3. 2. 1.7  System  Reliability.-  The  principal  elements  of  the  MTD  processing 
subsystem  shall  be  designed  for  high  reliability  and  minimum  maintenance. 
Preventive  maintenance  shall  be  r%.qulred  no  more  frequently  than  once  every 
30  days.  Mean-time-between-fallure  (MTBF)  (functional  failure)  for  each 
channel  shall  be  3,000  hours.  Subelement  MTD  failures  In  either  channel  may 
occur  within  this  3,000-hr.  period,  but  the  ASR-MTD  shall  recover  automatically, 
and  alert  maintenance  personnel  to  the  failure. 

3.2.2  System  Interfaces. - 

3. 2. 2.1  Antennas.-  The  terminal  ASR-MTD  shall  be  designed  to  operate  with 
terminal  S-band  antenna  systems.  Rotation  rates  from  12-15  rpm  shall  be 
accommodated.  The  antenna  feed  system  may  be  connected  for  either  linear 
or  circular  polarization  when  operating  with  the  MTD  radar  signal  processing 
subsystem.  Linear  polarization  shall  be  considered  the  normal  mode  for 
achieving  specified  overall  performance  levels.  When  the  system  is  operated 
in  the  circular  polarization  mode,  weather  contouring  levels  shall  be  decreased 
by  12  dBz  to  account  for  the  reduction  in  rain  reflected  signals.  The 
estimates  of  rainfall  rate  developed  when  operating  in  the  circular  polarization 
mode  shall  be  accurate  to  within  Hy.0  dBz.  The  ASR-MTD  timing  and  control 
subsystem  receives  signals  from  the  antenna  system  azimuth  change  pulse  (ACP) 
generator  and  from  the  azimuth  reference  pulse  (ARP)  generator.  Four  thousand 
ninety-six  ACP's  shall  occur  per  scan  and  the  ARP  shall  occur  at  magnetic 
north. 


3. 2. 2. 2  Transmitter  Receiver  Subsystem.-  The  transmitter  receiver  subsystem 
of  the  primary  radar  incorporated  in  the  .^SR -MTD  shall  provide  the  MTD  analog 
receiver  with  30  MHz  IF  signals.  Noise  level  measured  in  a  A-MHz  bandwidth 
at  this  interface  shall  be  -70  dBm  ^  dB  into  a  50-ohm  resistive  load.  The 
MTD  analog  receiver  shall  also  receive  a  coho  30  MHz  IF  signal  from  the 
primary  radar.  This  signal  shall  be  -20  dBir.,  -0  dB  +10  dB  as  measured  in 

a  50-ojim  resistive  load  at  the  Interface.  Modulator  and  STC  triggers  required 
by  the  transmitter-receiver  subsystem  are  provided  by  the  ASR-MTD  system  time 
and  control  unit. 

3.2. 2. 3  Secondary  Radar.-  The  ASR-MTD  processing  subsystem  shall  accept 
decoded,  digitized  beacon  signals  from  a  non-automated  beacon  system,  delay 
these  signals  and  develop  two-level  (on/off)  video  signals  coincident  with 
MTD  radar  signals  for  driving  analog  pWe  PPI  displays.  The  MTD  shall  also 
output  radar  target  reports  and  weather  contour  data  to  digital  processing 
subsystems  for  correlation  and  display^ 

3 . 2 . 2 . 4  ATC  Fac  Hit les . -  The  terminal  ASK-HTD  processing  subsystem  shall 
provide  radar  and  weather  contour  digital  signals  for  transmission  over  narrow- 
band  (2400  baud)  lines  between  the  radar  site  and  the  indicator  site.  The 

MTD  display  processing  unit,  installed  at  the  indicator  site,  shall  accept 
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the  radar  and  weather  contour  data  from  the  radar  site,  combine  with  two-level 
beacon,  map,  ACP  and  ARP  signals,  and  develop  aligned  reconstituted  two-level 
video  for  the  Indicator  site  P?I  display  systems. 

3.2.3  Functions  of  ASR-MTD  Processing  Subsystems  and  Units. - 

3. 2. 2.1  Radar  Transmitter/Receiver.-  This  subsystem  shall  provide  the  signals 
required  by  the  MTD  processor.  The  transmit ter/recelver  group  shall  provide 
highly  phase-stable  signals  as  required  when  operating  with  the  MTD  processor. 

3. 2. 3. 2  MTD  Analog  Receiver.—  This  unit  shall  receive  IF  signals  at  30  MHz,  a 
coherent  reference  signal  (coho),  and  range  gate  strobes  (1/16  nml  or  less) ‘The 
IF  signal  shall  be  amplified,  power  divided  and  drive  a  log-magnitude  detector 
(to  provide  a  normal  video  signal  for  the  imilntenance  PFI  display  and  Trans(d.t- 
ter/Recelver  monitor,  and  two  high  level  multipliers).  The  coho  signal  shall  be 
amplified  and  quadrature  power  divided  to  drive  the  same  two  high  level  multi¬ 
pliers.  The  outputs  of  the  multipliers  shall  be  optimally  low-pass  filtered  and 
shall  provide  In-phase  (I)  and  quadrature  phase  (Q)  bipolar  video  signals  as 
inputs  to  two  10-blt  A/0  converters.  The  A/D  converters  shall  be  strobed  each 
1/16  nmi  to  transfer  10  bits  I  and  10  bits  Q  data  to  a  special  purpose  Interface 
unit  which  shall  provide  20  bits  of  I&Q  to  a  test  port  for  spectral  analysis 
(see  para.  3.4.4)  and  20  bits  of  I&Q  to  the  MTD  signal  processor  for  filtering. 

3.2. 3.3  System  Timing  and  Control  Unit.-  This  unit  shall  provide  all  timing 
signals  necessary  to  control  the  radar  transmitter-receiver  subsystem  and  the 
MTD  processor  timing  functions.  It  shall  a)  provide  for  bursts  of  eight-pulse 
transmissions  at  each  of  two  pulse  repetition  Intervals  (PRI)  and,  b)  using  ACP 
and  ARP  signals  from  the  antenna,  synchronize  coherent  processing  Intervals 
(CPI's)  In  order  to  support  the  creation  of  a  synchronous  clutter  map  using  the 
zero-velocity  filter. 

A  digital  finite  impulse  response  (FIR)  8-polnt  filter,  centered  at  zero- 
velocity,  as  specified  In  paragraph  3.4.5,  shall  be  used  to  measure  the  ground 
clutter  amplitude  In  each  range/CPI  cell.  The  system  timing  unit  (STD)  shall 
synchronize  8-pulse  CPIs  from  scan-to-scan  to  insure  that  the  centroid  of  the 
CPI  Is  repeated  to  within  1  ACP  for  proper  updating  of  a  fixed  ground  clutter 
map. 

This  unit  shall  provide  modulation  triggers  to  the  transmitter,  STC  triggers  to 
the  receiver  front  end,  display  triggers  to  analog  displays,  beacon  triggers, 
strobes  to  the  I&Q  A/D  converters,  all  of  the  necessary  data  Bwmry  strobea  to 
the  MTD  processor  and  shall  provide  the  absc'lutc  ACP  count  to  the  MTD  pro-cessor 
each  CPI.  This  unit  shall  also  provide  staggered  PRI  bursts  to  the  system  when 
the  antenna  Is  stopped  for  single  range  gate  coherence  measure-ments  (see  para. 

3. 4. 3. 7)  and  provide  triggers  to  the  system  test  target  gene-rator  under  — 
or  program  control. 
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3.2. 3.4  Special  Purpose  Interface  Unit.-  This  unit  shall  receive  24  bits  of  I&Q 
data  and  a  data  ready  strobe  froa  the  A/D  converters  and  an  external  sample 
pulse,  provide  a  sampled  and  buffered  output  (24  ports  plus  dnta  ready  strobe) 
to  special  test  equipment  for  analyzing  spectra,  and  provide  buffered  output  (24 
ports  plus  data  ready  strobe)  to  the  KTD  signal  processor's  toggi  d  data  memory. 

The  overall  system  stability  shall  be  measured  vith  these  sampled  I  and  Q  out¬ 
puts.  With  the  antanna  spotlighted  (fixed)  on  a  stationary  specular  target,  and 
operating  at  the  normal  staggered  PRF  rate,  a  64  point  Fourier  transform  of  this 
target  return  shall  yield  a  noise  floor  of  no  greater  than  -78  dB. 

3.2. 3.5  MTD  Processor.—  The  MTD  •'  jcessor  shall  receive  and  store  eight  sa8q>les 
of  24  bits  each  (I&Q)  for  each  of  to  960  range  gates  during  a  CPI  and  shall 
process  the  sampled  data  received  during  the  previous  CPI.  It  shall  use  an 
input  data  memory  to  permit  processing  while  receiving. 

The  processor  shall  test  for  A/D  overload  (saturation)  and  pulsed  Interference, 
and  shall  eliminate  all  data  for  the  eight  pulse  group  In  which  either  satu¬ 
ration  or  interference  (S/I)  was  detected.  It  shall  perform  digital  filtering 
using  eight  pulses  for  each  range  gate,  and  shall  develop  normallized  output 
magnitudes  for  each  of  eight  filters.  It  shall  develop  and  update  a  synchronous 
clutter  map  using  the  output  of  the  zero-velocity  filter  In  an  auxiliary  memory 
unit.  It  shall  perform  adaptive  CFAR  by  developing  mean-level-thresholds  over 
16  gates  (1  nml)  bracketing  the  gate  of  interest,  for  each  of  the  seven  non-zero 
velocity  filters.  It  shall  declare  a  primitive  target  detection  by  filter  and 
by  range-  when  the  threshold(s)  for  that  cell(s>  is  exceeded.  It  shall  compare 
the  zero-velocity  filter  amplitude  with  the  clutter  map  for  possible  primitive 
target  declaration  during  each  CPI.  This  unit  shall  sum  the  amplitudes  of  all 
filters  over  one  nmi  range  Intervals  and  compare  the  result  of  two  progran,able 
threshold  levels  for  detection  of  rain.  This  unit  also  shall  sum  the  amplitudes 
of  all  non-zero  velocity  filters  over  one  nmi  range  intervals  and  compare  the 
result  to  two  progiammable  threshold  levels  for  detection  of  rain. 

The  processor  shall  format  messages  Indicating  primitive  target  declarations  and 
shall  append  range,  azimuth,  amplitude,  velocity  (filter  number),  which  CPI 
(high  frequency  or  low  frequency),  and  system  performance. 

The  processor  shall  also  format  weather  detection  messages  indicating  the  range 
at  which  either  of  two  thresholds  was  exceeded.  These  data  are  transmitted  to 
the  correlation  and  interpolation  unit  for  further  processing. 

The  processor  shall  be  mlcroprogrammable  and  shell  have  certain  parameters 
(l.e.,  fixed  thresholds,  see  para.  3.4.5)  selected  by  ROM  option  for  each  radar 
site. 

•System  performance  status  shall  be  defined  by  the  contractor. 


3. 2. 3. 6  Correlation  and  Interpolation  Processor  (C&lK-  The  C&I  processor 
shall  receive  primitive  target  reports  and  weather  contour  data  from  the 
MTD  processor.  Its  principal  function  shall  be  to  correlate  (l.e.,  cluster) 
primitive  target  reports  which  are  associated  with  a  single,  moving,  aircraft 
target,  normalize  their  amplitudes  by  filter  (velocity)  and  interpolate 
(estimate)  for  most  likely  range,  azimuth,  velocity  and  amplitude.  As  the 
antenna  scans  by  moving  aircraft  targets,  a  number  of  primitive  target 
reports  may  be  declared  during  each  CPI  and  the  target  may  be  above  threshold 
for  as  many  as  eight  CPI's.  Thus,  large  numbers  of  primitive  target  reports 
(50)  nay  be  associated  with  a  single  moving  target.  The  C&I  processor  shall 
develop  a  single  target  report  for  each  separable  cluster  of  primitive  reports, 
and  provide  an  estimate  of  range  (1/32  nml),  azimuth  (1  ACP),  velocity 
(filter  to  1/64  of  unambiguous  lnter'>'al)  and  normalized  amplitude.  The  tar¬ 
get  report  also  includes  the  number  of  primitive  target  declarations 
associated  with  the  report.  The  unit  shall  be  mlcroprogrammable  and  shall 
have  certain  parameters  (censorable  range-azimuth  cells  for  moving  ground 
traffic)  selected  by  ROM  option  for  each  radar  site.  It  shall  develop  adap¬ 
tive  amplitude  thresholds  (second  thresholds  of  targets  the  MTD  having  thres- 
holded  initially)  to  prevent  system  overload  under  conditions  of  severe 
"angel"  activity.  This  unit  shall  format  radar  target  reports  for  transmission 
to  the  surveillance  processor  and  to  the  colocated  radar  beacon  correlator 
when  applicable. 

The  C&I  processor  shall  receive  two-level  weather  threshold  crossings  from  the 
HTO  signal  processor,  during  alternate  CPIs.  It  shall  contain  a  range/CPI 
map  (developed  for  each  site)  which  shall  be  used  to  select  threshold  crossings 
from  either  the  sum  of  all  filters  or  from  the  sura  of  non  zero-velocity 
filters.  This  technique  shall  be  used  to  eliminate  false  weather  threshold 
crossings  over  high  amplitude  ground  clutter.  The  processor  shall  "smooth" 
the  data  In  range  (eliminating  single  Isolated  detections  which  may  be  caused 
by  aircraft  targets)  and  determine  the  range(s)  at  which  each  of  two  rain-rate 
thresholds  was  crossed  during  this  CPI.  It  shall  develop  a  two-level,  contoured 
weather  map  and  format  these  data  for  transmission  to  the  surveillance  pro¬ 
cessing  radar  system  when  applicable.  This  subsystem  shall  monitor  certain 
parameters  (e.g.  TTG  outputs)  In  support  of  on-line  performance  monitoring 
functions  and  output  data  to  a  special  purpose  maintenance  display  unit. 

3. 2. 3. 7  Surveillance  Processor.-  The  surveillance  processor  shall  receive 
target  reports  and  weather  contour  data  from  the  C&I  processor.  Although  the 
MTD  and  C&I  processors  have  been  optimized  to  provide  accurate  moving  aircraft 
target  reports,  while  eliminating  most  false  target  reports  due  to  clutter 
break-through,  moving  ground  traffic,  rain,  and  angels,  there  can  be,  on  the 
order  of,  60  false  target  reports  per  scan.  It  shall  be  the  function  of  the 
surveillance  processor  to  use  scan-to-scan  target  history  to  Identify  dls- 
playable  aircraft  target  reports  (within  two  to  five  scans)  while  flagging 
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(or  eliminating)  those  false  tsrget  reports  which  are  not  associated  with 
moving  aircraft  targets.  Under  normal  operating  conditions  the  false  target 
reports  will  not  be  correlated  and  will  not  form  "many"  dlsplayable  reports. 
Under  unusual  environmental  conditions  (ducting)  or  under  conditions  of 
extreme  "angel"  activity,  false  target  reports  may  be  correlated  and  the 
rate  of  display  of  false  reports  may  Increase.  The  surveillance  processor 
shall  output  fewer  than  1.0  false  target  reports  per  scan  averaged  over  a 
1-hr  period,  during  normal  operating  conditions.  The  peak  rate  of  display 
of  false  radar  targets  shall  be  fewer  than  10  per  scan  averaged  over  one 
hour,  under  extreme  conditions  of  "angel"  activity  or  ducting.  This  pro¬ 
cessor  unit  shall  format  and  transmit  dlsplayable  radar  target  reports  and 
weather  contours  to  the  display  processor  and  output  data  to  the  maintenance 
display  to  support  on-line  performance  monitoring  functions. 

3. 2. 3. 8  Display  Processor.-  The  display  processor  shall  receive  radar  target 
reports  and  weather  contours  from  the  surveillance  processor,  beacon  video 
from  the  12x12  decoder,  radar  timing  triggers  and  ACP/ARP  pulses  from  the 
system  timing  and  control  unit.  The  MTD  radar  reports  may  be  delayed  up  to 
10/32  scan  under  heavy  traffic  loads,  thus  che  beacon  video,  triggers  and 
ACP/ARP  pulses  shall  be  delayed  by  10/32  scan  in  order  to  align  beacon,  radar 
reports,  weather  and  map  data  on  a  reconstituted  two-level  video  PPI  display. 

The  processor  shall  provide  these  signals  to  the  local  maintenance  PPI  dis¬ 
play  and  to  the  TRACON/TRACAB  displays.  Delayed  ACP/ARP  pulses  shall  be 
provided  to  the  video  mapper  to  align  this  system  with  radar/beacon  targets. 

3. 2. 3. 9  Performance  Monitoring  Display.-  This  unit  shall  display  alpha- 
numerics  and  activate  Indicators  for  use  by  maintenance  personnel  to  determine 
the  status  of  either  the  on-line  or  backup  ASR-MTD  system.  Inputs  shall  be 
provided  by  each  subsystem  In  suitable  form  and  format. 

3.2.3.10  Test  Target  Generator.-  The  test  target  generator  shall  have  the 
capability  of  simulating  real  moving  targets  for  Insertion  Into  the  system 

at  RF  In  order  to  provide  on-line  performance  monitoring  of  the  HTD  processor 
subsystem. 

3.3  Not  Used.- 

3. A  ASR-MTD  Design  Requirements. - 

3.4.1  Transmitter-Receiver  Subsystem.-  The  Transmitter-Receiver  Subsystem  shall 
be  dual-channel,  operate  at  S-band  and  provide  coverage  of  moving  aircraft  in 
the  ATC  terminal  area,  and  out  to  60  noi.  Aircraft  shall  be  assumed  to 
exhibit  Swerllng  Type  I  fading  statistics  and  to  be  of  mean  radar  cross  section 
of  at  least  one  square-meter  (0  dBsm).  Stated  performance  requirements  shall 
be  met  when  the  transmitter-receiver  subsystem  is  Interfaced  with  standard 
FAA  ASR  rotating  antenna  systems  such  as  the  ASR-7  and  ASR-8. 
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This  asctlon  Mphasixan  transaittcr-receiver  requlraaanta  which  are  critical 
to  the  proper  performance  of  the  MTD  processor  subsystea.  Individual  unit 
specifications  are  consistent  with  the  overall  primary  radar  system  require'- 
aentSf  but  by  themselves,  cannot  insure  that  the  overall  moving  target  detec¬ 
tion  requirements  be  net.  Should  an  apparent  contradiction  arise  between 
overall  requirements  and  s  subunit  specification,  the  overall  requirements 
shall  take  precedence. 

A  functional  block  diagram  of  one  channel  of  a  candidate  transmitter-receiver 
subsystem  Is  shown  in  Fig.  3.4. 1-1  to  illustrate  the  principal  elements 
described  in  this  specification. 

3.4.1. 1  Transmitter.-  The  transmitter  shall  be  a  gain/phase-stable,  gated, 
high-power,  pulsed  amplifier.  It  shall  accept  an  S-band  CW  signal  (2700- 
2900  MHz)  and  a  modulator  trigger  signal  and  shall  develop  a  trapezoidal 
output  pulse  of  800-900  nsec  duration,  measured  at  the  -6  dB  points,  with 
rise  and  fall  times  of  100-nsec  duraticn  measured  at  the  0.1  dB  and  -40  dB 
points  (the  IZ  and  99Z  points).  The  peak  output  power  measured  at  the 
output  of  Che  waveguide  switch  shall  be  O.S  MW  or  greater.  The  CM  signal 
input  Co  Che  transmitter  shall  be  100  vN  within  43  dB. 

The  transmitter  shall  be  capable  of  operating  with  alternating  8-pulse  CPIs 
with  a  maximum  average  PRF  of  1200  Hz.  The  pulse-to-pulse  rms  phase 
Instability  during  each  8-pulse  CPI  shall  be  equal  to  or  less  than  0.06  degrees. 
The  ms  pulse-to-pulse  timing  instability  (Jitter)  during  each  6-pulse  CPI 
shall  be  equal  Co  or  less  chan  5  nsec. 

3.4. 1.2  Frequency  Sources.-  The  radar  system  shall  use  highly  stable  frequency 
sources  to  insure  that  Che  total  system  instability  residue  prior  to  coherent 
filtering  shall  be  equal  or  to  less  than  -48  dB  referred  to  peak  signal 

(451  dB  S/N)  at  all  ranges  Co  60  nmi. 

3. 4. 1.2.1  Stable  Local  Oscillator  (STALO).-  This  unit  shall  be  a  crystal- 
controlled  phase-locked  oscillator  operating  at  one  S-band  frequency  (2700- 
2900  MHz  430  MHz)  and  capable  of  outputting  420  dBm  43  dB  after  a  two-way 
power  divider.  The  output  power  shall  be  stable  to  within  40.5  dB  over  a 
30-day  period,  and  to  within  41.0  dB  over  a  20,000-hr.  period.  The  output 
frequency  shall  be  accurate  to  within  oy*  p«<rt  in  10^,  and  the  long-cera  drift 
shall  be  no  worse  than  4  one  part  in  10^  per  year.  The  short-tera  stability 
shall  be  based  on  phase-noise  as  it  affects  the  cancellation  ratio  seen 
through  a  two-pulse  canceller. 

An  expression  for  the  cancellation  ratio  is  given  by: 

CR  •  8  2  sln*(wfT)  .  sln^(iifT)  S^(f)  df 
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vh*r«:  T  *  round-trip  tine  >  250  iis«e  (20  nal) 

T  "  PRI  ■  1000  Mice 

S^(f)  ••  alngle  alda-band  phaM-nola*  apectrua 

To  achieve  a  cancellation  ratio  In  exceaa  of  50  dB  at  20  nal  (250  yaec),  the 
atalo  phaae-nolae  va,  frequency  muat  be  no  worce  than  that  ahown  In  Fig. 

3.4. 1-2. 


3. 4. 1.2. 2  Intermediate  Frequency  (IF)  Coherent  Oscillator.-  Thla  unit  shall 
be  a  atable  crystal-controlled  oaclllator,  operating  at  30.0  MBs  and  capable 
of  outputting  420  dBn  -0  dB  43  dB  after  a  two-way  power  divider.  The  output 
power  ahall  be  atable  to  within  ^.5  dB  over  a  20,00Q-hr.  period.  The 
frequency  ahall  be  accurate  to  within  one  par^  In  10^,  and  the  long-tem 
drift  ahall  be  no  worse  than  4  one  part  In  lo’  per  yeat.  The  short-tem 
stability  shall  be  based  on  phase-noise  as  It  affects  the  cancellation  ratio 
as  seen  through  a  two-pulse  canceller.  This  unit  (coho)  shall  have  phase-noise 
vs.  frequency  no  worse  than  -20  dB  referred  to  the  atalo  In  order  that  It  not 
affect  the  cancellation  ratio  determined  by  stalo  phase  Instabilities. 

3.4. 1.3  Receiver.-  This  unit  ahall  be  a  stable,  sensitive,  wide-dynamic- 
range  S-band  receiver  as  ahown  In  Fig.  3.4. 1-1.  It  shall  employ  a  multi- 
section  Input  bandpass  filter  centered  at  the  radar  operating  frequency  with 
a  3-dB  bandwidth  of  24  MHz,  a  60-dB  bandwidth  of  less  than  72  MHz,  and 
Insertion  loss  of  less  than  0.5  dB.  The  loss  outside- cf  the  72-MHs  band 
centered  at  the  operating  frequency  shall  be  at  least  60  dB.  The  receiver 
shall  use  a  PIN-d lode  modulator  operating  as  a  sensitivity  vs.  time 
control  unit  (STC)  ahead  of  the  preamplifier  to  provide  controlled 
attenuation  vs.  range.  This  unit  shall  have  a  transfer  function  which  la 
approximately  linear  (within  41  dB)  In  dB/volt  over  the  range  -0.7  dB  to 
-44  dB.  It  ahall  accept  video  drive  signals  In  the  range  0  to  12  volts  Into 
a  50-ohm  circuit.  The  receiver  shall  use  a  solid-state,  low-nolaa  (3.0  dB 
or  better)  preamplifier  with  Input  limiter  protection  against  the  traneiU.ttsr 
pulse  leaked  by  the  system  duplexer.  This  unit  shall  have  adequate  gain 

to  reduce  second  stage  nolao  effects  to  less  than  0.5  dB.  A  bandpass  filter 
shall  be  used  following  thu  amplifier  to  reject  Image  frequency  noiae 
generated  In  the  amplifier.  The  1-dB  compression  point  of  this  unit  shall 
be  equal  to  or  greatur  than  410  dBm.  The  receiver  shall  use  a  high-level 
mixer  preamplifier  following  the  front-end  amplifier  to  convert  the  Input 
S-band  signal  to  a  30-MHz  IF  signal  for  transmission  to  the  MID  analog  receiver 
and  to  a  bandpass  fllter/log  magnitude  detector  unit  for  deriving  a  normal 
radar  video  signal.  This  unit  shall  operate  with  a  high-level  local  oscillator 
(stalo)  providing  420  dBm  drive,  and  ahall  have  an  output  1-dB  compression 
point  equal  to  or  greater  chan  430  dBia. 

3. 4. 1.4  General.-  Additional  elements  (duplexer,  monitoring  functions,  etc.) 
not  covered  In  this  section  of  the  specification,  but  which  are  required  to 
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comp  .ecu  Che  primary  radar,  shall  be  tmpleiMMiced  in  accordance  wlch  standards 
cscabllshed  for  exisdng  FAA/ATC  primary  radar  syscems.  The  subsyscem  elements 
which  are  covered  In  this  section  of  the  specification  are  considered  critical 
to  supporting  stable,  coherent,  automated  terminal  radar  operation  with  MTD 
processing. 

3.4.2  MTP  Analog  Receiver.-  This  section  defines  the  analog  MTD  receiver 
design  requirements  and  describes  a  hardware  realization  which  can  perform 
the  necessary  functions.  It  Is  not  intended  to  limit  the  MTD  receiver 
design  to  Che  realization  described.  A  functional  block  diagram.  Fig. 

3.4. 2-1,  shows  Che  elements  of  the  MTD  analog  receiver.  The  Individual 
subunit  specifications  contained  herein  are  consistent  with  Che  overall 
system  requirements  but,  by  themselves,  cannot  Insure  that  Che  overall 
requirements  can  be  met  because  of  Che  careful  Interconnection  of  Che 
components  and  subunits  required  In  this  application.  Should  an  apparent 
contradiction  arise  between  overall  requirements  and  a  subunit  specification, 
the  overall  requirements  shall  cake  precedence. 

3.4. 2.1  COHO  Channel.-  The  coho  channel  shall  receive  the  30-MHz  reference 
signal  from  the  primary  radar  at  a  level  of  +20  dBm  (100  mW),  provide 
variable  input  attenuation,  bandpase  filter  the  signal,  amplify  the 

signal  to  a  level  of  +30  dBm,  drive  a  passive  quadrature  («/2)  hybrid 
power  divider,  and  Chen  drive  two  hlgh-power,  double-balanced,  quad-diode 
phase  detectors. 

The  variable  Input  attenuator  shall  be  used  to  control  the  reference  coho 
drive  level  at  Che  two  phase  detectors.  The  nominal  level  at  Che  Input  to 
Che  phase  detectors  shall  be  +27  dBm,  Co  support  "linear"  operation. 

A  bandpass  filter  centered  at  30  MHz  shall  be  used  in  the  coho  channel  to 
Isolate  this  network  from  out-of-band  spurious  signals.  This  filter  shall 
be  a  three-pole  ButterworCh  design  with  3-dB  bandwidth  equal  to  4  MHz.  .The 
Insertion  loss  of  this  filter  shall  be  less  than  4  dB.  A  hlgh-power,  linear, 
30-Mllz  amplifier  shall  be  used  to  raise  the  coho  signal  level  to  +30  dBa. 

The  1-dB  compression  point  of  this  amplifier  shall  be  +36  dBm  or  greater. 

A  passive  quadrature  hybrid  power  divider  shall  be  used  to  develop  two  coho 
reference  signals  of  equal  amplitude  .and  90-degrees  phase  difference.  TVie 
differencial  amplitude  between  Che  two  ports  shall  be  equal  to  or  less  than 
0.25  dB,  and  Che  differential  phase  shall  be  90  degrees  +2  degrees. 

All  of  the  circuitry  In  Che  coho  channel  shall  be  designed  to  operate  at 
SO  ohms. 

3. 4. 2. 2  Signal  Channel.-  The  signal  channel  shall  receive  the  30-MHz  IP 
signal  from  Che  primary  radar  at  a  level  of  -70  dBm  (effective  noise  bandwidth 
of  1.4  MHz),  provide  variable  Input  attenuation,  bandpass  filter  the  signal. 
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aapllfy  th*  signal  by  approximately  54  dB»  drive  a  passive  ttro-way  pover 
divider,  and  then  drive  two  high>power,  double-balanced,  quad-diode  phase 
detectors. 

The  variable  input  attenuator  shall  be  used  to  control  the  noise  level  at 
the  input  to  the  A/D  converters.  The  nominal  level  at  this  point  shall  be 

2  mV  rma  into  50  ohms.  This  is  equivalent  to  one  quantum  level  of  the  A/D 
converters  and  accurate  setting  of  this  level  Is  required  to  insure  that 

the  full  dynamic  range  of  the  processor  is  utilized.  There  shall  be  adequate 
range  in  the  attenuator  to  permit  ^10  dB  variations  about  the  nominal  level. 

A  bandpass  filter  (same  as  that  used  for  the  coho  channel)  centered  at  30  MHz 
shall  be  used  in  the  signal  channel  to  Isolate  this  network  from  out-of-band 
spurious  signals. 

A  high-power,  linear,  30-MHz  amplifier  shall  be  used  to  raise  the  signal 
level  to  a  point  sufficient  to  produce  2  mV  rms  noise  at  the  input  to  the 
A/D  converters.  The  gain/loss  budget  of  this  channel  shall  be  such  that 
the  gain  of  the  amplifier  is  approximately  ->-54  dB.  (Note:  typical  losses 
are:  variable  attenuator  10  dB,  bandpass  filter  3  dB,  two-way  power  divider 

3  dB,  phase  detector  8  dB,  and  matched  low-pass  filter  1  dB.  The  input 
level  is  -70  dBm  and  the  nominal  required  output  level  is  -41  dBm  (2  mV  rms 
into  50  ohms),  requiring  a  net  gain  of  *29  dB.  Since  the  nominal  losses  are 
-25  dB,  the  amplifier  net  gain  must  be  <f54  dB).  The  1-dB  compression  point 
of  this  amplifier  shall  be  equal  to  or  greater  than  -f36  dBm. 

The  dynamic  range  of  the  MTD  processor  is  limited  by  the  10-bit  A/D  con- 
verteri  to  peak  slgnal/rms  noise  of  -fSA  dB.  A  peak  signal  lup’jt  to  the  A/D 
converters  (-fl.OlA  volts)  will  have  a  peak  of  -i-lS  dBm.  To  Insure  that  the 
receiving  system  is  linear  to  this  point,  the  signal  channel  amplifier/ 
phase  detector  combination  must  introduce  less  than  -40  dB  intenaodulatlon 
distortion  (odd  order  terms)  when  subjected  to  a  two-tone  test  at  maximum 
level  (each  tone  output  at  *7  dBm).  A  passive  two-way  power  divider  shall 
be  used  to  develop  inputs  to  the  two  phase  detectors.  The  differential 
amplitude  between  the  two  ports  shall  be  less  than  0.1  dB  and  the  differential 
phase  shall  be  0  degrees  ^2  degrees. 

All  of  the  circuitry  in  the  signal  channel  shall  be  designed  to  operate  at 
50  ohms. 

The  signal  channel  shall  have  optional  provision  for  introducing  a  broadband 
(10  MHz)  I.F.  limiting  amplifier  ahead  of  the  I.F.  bandpass  filter  for  use 
at  terminal  radar  sites  with  excessive  overloading  clutter  returns  (more 
than  100  range/CFI  cells  with  peak  elutter/nolsc  equal  to  or  greater  than 
-•■54  dB).  The  output  level  of  this  amplifier  shall  be  adjustable  to  Insure 
that  the  rms  noise  level  into  the  A/D  converters  can  be  set  to  2  mV, 

-0  dB  -t-lO  dB.  Circuitry  shall  be  provided  to  allow  for  zero-setting  at  the 
input  to  the  A/D  converters. 
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3. A. 2. 3  Phase  Detectora.-  The  phase  detectors  shall  be  hlgh-power,  double- 
balanced,  quad-diode  units  capable  of  being  operated  with  local  oscillator 
drive  levels  of  ■f27  dBm.  The  transfer  loss  of  these  units  shall  be  equal  to 
or  less  than  8  dB. 

3.4. 2.4  Hatched  Low-Pasa  Filters.-  The  low-pass  filters  following  the 
quadrature  phase  detectors  shall  be  4-pole  Bessel  designs.  The  3-dB 
bandwidth  shall  be  0.67  MHz  matched  to  an  833-nsec  CU  pulse.  If  the 
primary  radar  pulse  Is  other  than  833  nsec  in  duration,  then  the  3-dB 
bandwidth  of  this  filter  shall  be  adjusted  Dccordingly  to  retain  a  match. 

The  filters  shall  be  50-ohm  Input/output  units,  and  shall  be  Isolated  at 
the  Input  by  1-dB  resistive  pads. 

3. 4. 2. 5  Analog-to-Dlgltal  Converters  (A/D).-  The  A/D  converters  shall  be 
high-speed,  10-bit  units  capable  of  operating  at  sampling  rates  to  3  MHz. 

The  units  shall  operate  at  approximately  a  1 . 3-MHz  sampling  rate  In  thlr 
application  (1/16  nml  or  772-nsec  read  cycle  spacing),  and  shall  have 
processing  delays  equal  to  or  less  than  400  nsec.  This  unit  shall  Introduce 
differential  processing  delays  no  greater  than  100  nsec,  and  shall  have  an 
aperture  time  equal  to  or  less  than  100  plcosec.  The  Input  shall  be  a 
SO-ohm  resistive  termination  and  all  digital  output  ports  shall  be  TTL 
compatible. 

3.4.3  Radar  System  Timing  Unit  (STU).-  The  STU  shall  provide  the  basic 
timing  signals  for  the  operation  of  the  radar  and  for  the  data  acquisition 
circuits  of  the  MTD  processor.  It  shall  control  and  synchronize  all 
processing  with  respect  to  a  set  of  pre-selected  antenna  positions.  The 
STU  shall  also  provide  timing  signals  for  the  system  test  and  monitoring 
equipment. 

3. 4. 3.1  Radar  Timing  Signals.-  The  radar  timing  signals  to  be  provided 
for  each  radar  sweep  shall  be  as  follows: 

(a)  Beacon  trigger  pulse 

(b)  Display  trigger  pulse 

(c)  STC  trigger  pulse 

(d)  Modulator  trigger  pulse 

(e)  Coherent  oscillator  gating  pulse 

(f)  T\ro  spare  trigger  pulses 

The  timing  of  these  pulses  shall  be  adjustable  over  the  pretrigger  oerlod, 
defined  as  the  time  between  T  ,  the  time  at  which  the  main  RF  pulse  Is 
transmitted,  and  128  range  gates  prior  to  T^. 

3. 4. 3. 2  Radar  PRF.-  The  PRF  of  the  radar  sweeps  shall  be  constant  within  a 
given  CPI.  However,  the  PRF  for  the  following  CPI  shall  be  different.  Ttie 
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difference  shall  be  20Z.  The  PRF's  shall  alternate  between  these  two  values 
for  alternate  CPI's. 

3.A.3.3  Tine  Base.*  The  time  base  for  the  radar  must  be  synchronous  with  that 
of  the  data  acquisition  system  of  the  signal  processor.  Thus,  both  time 
bases  must  be  derived  from  the  same  source.  To  reduce  potential  intarference 
from  IF  leakage,  this  source  shall  be  derived  from,  or  locked  to,  the  IF 
coherent  oscillator.  The  time  quantiaation  shall  be  equivalent  tj  1/32  nmi 
or  less.  The  accuracy  of  this  tlAs  base  shall  be  better  than  10  .  At 

least  one  derived  signal,  with  period  equivalent  to  or  less  than  1/16  nmi 
shall  be  available  for  use  in  range  gate  sampling  by  the  data  acquisition 
circuits. 


3. 4. 3. 4  Data  Acquisition  Control  Signals.-  The  data  acquisition  control  signals 
shall  consist  of  the  following. 

(a)  The  received  signal  analog>to*  digital  (A/D)  encoda  coamand  pulses 
(the  range  gate  sampling  signal)  specified  in  para.  3.4. 3.3. 

(b)  Data  gate  signals  to  the  signal  processor  to  control  the  data 
memory  input  timing.  In  order  to  suppress  nearby  high  clutter 
areas,  Che  start  of  the  data  gates  shall  be  adjustable  so  that 
up  to  16  nm  from  range  aero  can  be  bypassed.  The  adjustaient 
shall  be  in  1/2  nm  (or  leas)  increments.  The  duration  of  these 
data  gates  shall  be  adjustable  to  provide  the  required  radar 
range  segment  coverages. 

3. 4. 3. 5  CPI  to  Aaimuth  Synchronisation.-  The  STU  shall  synchronise  the 
alternate  CPI's  to  a  set  of  preselected  antenna  positions  so  chat  a  coherent 
ground  clutter  map  can  be  established.  The  synchronisation  timing  error 
shall  be  less  than  one  PRI.  This  synchconi:;ation  shall  be  maintained 

over  antenna  speed  variations  caused  by  normal  wind  loading  and  by  me¬ 
chanical  imperfections. 

The  STU  shall  also  provide  passive  horn  switching  signals  to  the  receiver  over 
selected  asianith-range  swaths. 

3. 4. 3. 6  MTD  Processor  Timing  Signals.-  The  STU  shall  provide  the  MID 
processor  with  the  following  signals. 

(a)  A  signal  (or  signals)  indicating  the  start  and  the  end  of  a  CPI. 

A  CPI  shall  start  with  the  beginning  of  the  data  acquisition  period 
of  the  first  sweep;  it  shall  end  with  the  end  of  the  data  acquisition 
period  of  the  8ch  sweep  of  that  CPI. 

(b)  The  antenna  position  information  at  the  start  (or  end)  of  a  CPI. 

Tha  antenna  position  information  shall  be  derived  from  Che  aslmuth 
reference  pulses  (ARP)  and  the  azimuth  change  pulses  (ACP). 

(c)  The  PRI  (high  or  low)  used  for  the  current  CPI. 


A-18 


3,4. 3. 7  Maintenance  and  Performance  Monitoring  Timing  Signals.-  The  STU  shall 
provide  the  following  timing  signals  to  the  radar  system  test  and  monitoring 
equipment. 

(a)  A  trigger  signal  for  the  malntenanct  oscilloscope.  This  signal 
shall  precede  all  signals  generated  during  a  radar  sweep. 

(b)  A  scope  trigger  at  the  stare  of  a  CTI  and  a  trigger  at  the  start 
of  a  CPI  pair. 

(c)  A  trigger  to  the  test  target  generator  (TTG) .  The  timing  of 
this  trigger  shall  be  adjustable  over  the  entire  pretrigger 
period  using  switches  on  the  front  of  the  STU. 

(d)  A  single  gate  processing  (SGP)  pulse  for  system  testing.  This  pulse 
shall  be  generated  once  per  radar  sweep  and  its  timing  shall  be 
easily  selectable  over  the  entire  Interpulse  (sweep)  period.  It 
shall  be  in  synchronism  with  an  A/D  encode  pulse.  The  S6P  test  is 
usual!/  performed  with  the  antenna  in  a  spotlight  (stopped) 
position.  In  order  to  provide  the  alternate  PRI  bursts  under 

this  eondl;:lon.  the  STU  shall  simulate  ACP's  and  ARP*s  and 
provide  them  to  the  other  part  of  the  system  such  as  the  TTG. 

A  auinuil  mode  control  may  be  used  for  this  condition. 

3.4.4  Analog-to-rblgltal  Converter  (A/D)  Output  Interface.*  The  A/D  output 
Interface  shall  provide  buffered  digital  signals  to  the  signal  processor. 

It  shall  also  provide  a  set  of  holding  registers  to  sample  the  A/D  outputs 
at  specific  times.  The  holding  register's  outputs  shall  be  available  to 
external  test  equipment.  Two  modes  of  sampling  shall  be  provided,  one 
using  the  SGF  pulses  of  para.  3.4. 3. 7  and  the  other  using  the  A/D  encode 
coranand  pulses  of  para.  3.4.3.4(a). 

The  sample  A/D  outputs  shall  be  used  for  system  tests  (such  as  the  SGP  tests) 
or  for  monitoring. 

This  Interface  shall  have  a  set  (2)  of  fast  dlgltal>to>analog  (D/A)  converters 
to  provide  analog  signals  to  external  monitoring  equipment  for  observation  of 
the  dlgltl?!ed  I  and  Q  receiver  signals.  These  D/A's  shall  be  coneectad  to 
the  holding  registers.  The  resolution  of  these  D/A's  shall  be  2  ''or  better. 
Their  settling  time  shall  be  less  then  10  ns  and  their  outputs  shall  be  filtered 
by  deglitching  or  other  equivalent  circuits.  A  functional  block  diagram  of 
Che  A/D  output  interface  unit  is  shown  Fig.  3. 4. 4-1. 
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Figure  3. 4. 4*1  A/O  Output  Interface,  Block  Diagram 


3.4.5  HTD  Processor.-  The  MTD  processor  shall  be  a  special-purpose  computer 
which  accepts  digitized  quadrature  video  words  (I  and  Q)  from  the  A/D  con¬ 
verters,  processes  them  to  detect  moving  targets  and  to  reject  fixed  ground 
clutter,  precipitation  clutter,  and  pulsed  Interference,  and  passes  messages 
to  the  correlation  and  interpolation  unit  (C&I  unit)  to  indicate  the  presence 
of  the  moving  targets  and  the  location  and  Intensity  of  the  precipitation. 


3.4.5. 1 

MTD  Processor  Inputs  and  Outputs.-  The  inputs  to 

the  HTD  processor 

shall  be 

(a) 

In-phase  (I)  A/D  Interface  output  (10  bits) 

(b) 

Quadrature-phase  (Q)  A/D  Interface  output  (10  bits) 

(c) 

Input  memory  control  strobes  from  the  A/D  converters 

(d) 

CP I- type  strobe  from  the  STU 

(e) 

CPI  azimuth  centroid  from  the  STU  (12  bits) 

(f) 

Range  coverage  gates,  if  required 

(g) 

PRI  for  this  CPI 

The  output  of  the  MTD  processor  shall  consist  of  primitive  target  reports  for 
the  CPI  being  processed.  The  primitive  target  reports  shall  contain  the 
following  Information: 

(a) 

Target  range  (20  bits) 

<b) 

Target  azimuth  (14  bits) 

(c) 

Filter  number  (3  bits) 

- 

(d) 

Target  magnitude  (16  bits) 

(e) 

PRI  used 

(f) 

Weather  threshold  crossing  messages 

(g) 

Status 

The  bit  numbers  shown  above  are  minimal  numbers  (based  in  part  on  DABS 
requirements) . 
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3.A.5.2  Major  Functions  of  the  MTD  Processor.-  Major  functions  of  the  KID 
processor,  as  shown  in  Figs.  3. 4. 5-1  and  3. 4. 5. -2,  are: 


Data  Meaxtry 

(3.4.5. 

3.3) 

Saturation/ Interface  Test 

(3.4.5. 

.3.3) 

Filters 

(3.4.5. 

,3.4) 

Two-Pulae  Canceller 

(3.4.5. 

3.4.1) 

Mon-Zero-Velocity  Filters 

(3.4.5. 

3.5) 

Zero-Velocity  Filter 

(3.4.5. 

3.6) 

Approximate  Magnltuder 

(3.4.5. 

3.7) 

Adaptive  Thresholding 

(3.4.5. 

3.8) 

Clutter  Map 

(3.4.5. 

3.9) 

Zero-Velocity  Filter  Thresholding 

(3.4.5. 

3.10) 

Combined  Thresholding 

(3.4.5. 

3.11) 

Fixed  Thresholding 

(3.4.5. 

3.12) 

Weather  Processing 

(3.4.5. 

3.13) 

MTD  Processor  On-Line  Diagnostics 

(3.4.5. 

3.14) 

Filter  Mormallzatlon 

(3.4.5. 

3.15) 

The  detailed  design  requirements  for  the  overall  process  and  for  each  of 
these  functions  are  specified  in  the  following  paragraphs. 

3.4.5. 3  MTD  Processor  Performance  Requirements.- 

3.4.5. 3.1  Overall  Performance.-  Returns  from  a  group  of  eight  successive 
radar  transmissions,  i.e.,  a  coherent  processing  interval  (CPI),  shall  be 
stored  and  processed  through  a  bank  of  eight  digital  filters.  Each  filter 
shall  be  designed  to  accept  a  band  of  dopplur  frequencies  and  to  reject  other 
doppler  frequencies  so  as  to  enhance  the  detection  of  radar  signals  in  clutter 
and  weather  background.  The  complex  filter  outputs  shall  be  detected  by 
means  of  a  magnitude  algorithm.  Adaptive  thresholds  shall  be  generated  for 
each  filter.  A  target/no-target  decision  sliall  be  made  once  per  scan  in  each 
of  eight  doppler  resolution  cells  for  every  range  cell  in  each  CPI.  Radar 
echoes  which  cross  a  threshold  shall  cause  the  output  interface  to  transmit 
to  the  C&I  unit  digital  Information  including  range,  azimuth,  amplitude,  and 
doppler  coordinates  of  the  threshold  chat  was  crossed.  No  truncation  or 
round-off  shall  be  permitted  in  the  arithmetic  manipulations. 

The  performance  of  the  MTD  processor  of  the  terminal  ASR-MTD  sub-system  is 
critical  to  the  overall  high  performance  required  of  the  radar  system.  This 
unit  is  required  to  process  separately  eight  nearly  orthogonal  velocity 
filters,  in  each  of  at  least  960  range  Intervals  (1/16  nml  each),  during 
each  of  at  least  512  gPIs,  during  each  scan  of  the  radar  antenna.  A  total 
of  approximately  4x10  resolution  cells  must  be  processed  during  each  scan 


A-22 

i 

I 

*1 


RECEIVER 
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Figure  3.4.5>2  KTO  Processor,  Alternative,  Block  Diagram. 


of  th«  antonna  (approxiaately  4  aec.).  In  addition^  60  each  ona-nai 
contiguona  range  cella  aust  be  processed  during  alternate  CPla  (2S6 
per  scan  ai ulaua)  to  deteralne  if  prograaaed  levels  of  precipitation 
echo  have  been  exceeded.  The  paraaeters  of  this  processing  unit, 
including  filter  coefficients  are  to  be  alterable  by  ROM  option,  on  a 
radar  site  dependent  basis,  and  the  proposed  unit  architecture  aust  pro~ 
vide  this  feature.  A  candidate/MTD  parallel  processing  architecture  la 
described  in  ^pendlx  B,  which  can  aeet  the  performance  requlrmenta 
specified  in  this  section,  and  is  intended  to  serve  as  an  example. 

The  MTD  process,  as  described  in  the  preceding  paragraph  and  as  laple- 
aented  in  the  functional  units  whose  design  requirements  are  specified  in 
the  following  paragraphs,  shall  exhibit  the  following  overall  perforauuce 
characteristics: 

I 

(a)  The  MTI  improvement  factor*  shall  be  within  2  dB  of  that 
attainable  with  an  optimum  procesnor  for  40  dB  clutter  with 
a  spectrum  that  corresponds  to  thc>  antenna  scanning  modula¬ 
tion.  See  Fig.  3. 4. 5-3.** 

(b)  Dynamic  range  -  The  linear  dynamic  range  of  the  system  shall 
be  determined  by  the  number  of  bits  in  the  analog-to-dlgltal 
converter.  No  part  of  the  procesKor  shall  restrict  the 
linear  dynamic  range  to  values  less  than  would  be  experienced 
if  the  system  were  completely  linear  with  its  dynamic  range 
limited  only  by  the  A/D  converters. 

(c)  False  alarms  rates  -  Vhen  the  receiver  signal  channel  is  passing 
only  thermal  noise  and  the  COHO  channel  is  operating  normally, 
the  false  threshold  crossing  rate  of  any  doppler  output  shall 
not  increase  by  more  than  a  factor  of  two  when  the  ms  noise 
level  as  measured  at  the  A/D  converters  la  decreased  from  10 
quanta  to  one  quantum. 


*MTD  improvement  factor  is  a  power  ratio  defined  as  l(f^)  ■■  where  is 

the  ratio  of  target  power  to  Interference  residue  power  at  the  processor  out¬ 
put,  is  the  ratio  of  target  power  to  interference  power  at  the  input  to 
the  processor  and  f^  is  its  target  doppler  offset  frequency.  The  clutter 
spectrum  is  assumed  to  be  centered  at  zero  velocity. 

Modified  by  zero-velocity  filter  de^enltlzatlon  when  used.  See  para¬ 
graph  3.4.5.3.11. 
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(d)  When  the  receiver  channel  la  pass^g  only  genual  noise  at  any 
given  false  alarm  rate  between  10  and  10*^,  the  best  obtainable 
sensitivity,  using  an  RF  test  target  generator,  shall  be  within 
one  (1)  dB  of  the  computed  sensitivity  when  operating  at  the 
same  false  alarm  rate.  For  this  test,  the  test  signal  pulse  may 
be  centered  on  a  range  gate  for  minimum  gate  splitting  loss  and 
the  doppler  frequency  may  be  centered  in  the  passband  of  the  most 
sensitive  doppler  filter. 

3. 4. 5. 3. 2  Data  Memory.-  The  digitised  I&Q  samples  from  all  range  gates 
shall  be  stored  for  eight  Interpiilse  periods  (one  CPI).  To  accomplish  this, 
a  uss  memory  system  shall  be  provided  with  capacity  of  approximately  8000 
words  of  20  bits  each.  Two  such  mefx>ries  may  be  used  alternately  so  that 
data  In  one  can  be  processed  while  the  other  Is  being  filled  with  new  data. 

3. 4. 5.3. 3  Saturation/Interference  (S/I)  Testlng.- 

3.4. 5. 3. 3.1  Saturation  Level  Test.-  If  any  of  the  I  or  Q  video  samples 
causes  limiting  to  occur  in  the  4^08  (the  A/D  maximum  count  shall  be  a 
parameter,  nominally  the  count  produced  by  a  l.O  volt  Input  signal),  all 
data  from  that  range  gate  shall  be  voided  for  that  CPI  during  the  current 
antenna  scan.  Accordingly  any  threshold  crossings  in  that  cell  shall  be 
Inhibited,  and  the  contribution  of  that  cell  to  the  adaptive  threshold 
(described  later)  excluded  from  the  sliding  window  average. 

3. 4. 5. 3. 3. 2  Interference  Test.-  The  quantity  T  *  (K  S  (|l(J)i  +  }Q(J)|)  ehall 

be  calculated  and  then  the  |l|  -f  |q|  for  each  Input  ^  ^  point  compared  with 
T  where  K  Is  a  programmable  constant  (nominally  set  to  3/8) •  If  T  Is 
exceeded  by  this  value  for  any  Input  point.  It  Is  presumed  that  It  was  the 
result  of  pulsed  Interference.  Such  a  pulse  would  render  all  data  from  the 
gate  suspect  and  all  threshold  crossings  from  that  range/CPI  cell  are  to 
be  Inhibited  for  that  scan.  The  adaptive  threshold  shall  not  contain  con¬ 
tributions  from  that  cell. 

3. 4. 5. 3. 4  Filters.-  The  MTD  filters  may  be  Implemented  by  calculating 
eight  separate  eight-point  FIR  filters  as  shown  in  Fig.  3. 4. 5-2,  or  by 
calculating  one  eight-point  FIR  for  the  xero-veloclty  filter,  and  a  two- 
pulse  canceller  followed  by  seven  seven-point  FIR  filters  for  the  non¬ 
zero-velocity  domain,  as  shown  in  Fig.  3. 4. 5-1.  The  latter  case  reduces 
the  precision  requirements  on  filter  weights,  and  is  the  basis  of  the 
detailed  filter  design  specifications  of  this  section.  The  filter  mights 
for  the  eight-point  FIR  filter  Implementation  are  not  given  in  this  section 
(except  for  the  zero-velocity  filter),  but  can  be  derived  by  convolving  the 
seven-point  FIR  weights  with  a  two-pulse  canceller  to  produce  the  eight-point 
filter  weights.  The  filter  shapes  shown  in  this-  section  are  achievable  using 
either  approach. 
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3. A. 5. 3. 4.1  TVo-pulse  C«nc>llar.~  The  eight  complex  semplee  shell  be 
Input  to  e  two-pulee  canceller  module,  yielding  seven  complex  ssmples 
which  shell  be  passed  to  a  seven-point  FIR  filter*. 

3.4.5. 3.5  Non-xero-veloclty  Filters.-  The  seven  complex  ssmples  Input  to 
the  FIR  filter  shall  be  multiplied  a  set  of  seven  complex  weights  and 
summed.  Filter  sldelobe  levels  shali.  be  as  shown  In  Fig.  3. 4. 5-4  for  the 
seven  filters.  Table  3.4. 5-A  contains  a  set  of  filter  weighting  coefficients 
which  yield  the  bandpass  and  sldelobe  results  shown  In  Fig.  3.4. 5-4. 

3.4.5. 3.6  Zero-velocity  Filter.-  A  separate  8-pulse  filter  shall  be  used 
for  the  zero-velocity  case.  The  filter  transfer  function  shall  be  as  sKoim 
In  Fig.  3.4. 5-5,  and  the  filter  weighting  coefficients  which  yield  this 
result  are  listed  In  Table  3.4.5-B. 


3.4.5. 3. 7  Approximate  Hagnltude.-  For  each  filter  output  an  approximate 
magnitude  Is  calculated  as  Hag  -  suae  [63/64A  -f  1/4  Bl (7/8  A  -f  1/2  Bl ,  where 
A  is  the  larger  of  |l|  or  |q|,  and  B  Is  the  smaller. 

3.4.5. 3.8  Adaptive  Thresholding.-  For  all  non-zero  filters  a  threshold 
shall  be  calculated  which  Is  the  sum  of  eight  range  gates  before  and  seven 
range  gates  after  the  point  being  thresholded,  but  with  the  two  cells  adjacent 
to  the  one  of  Interest  being  subtracted  from  the  sum.  If  either  Saturation 
or  Interference  (S/I)  was  detected  for  any  polnt(s)  contributing  to  this  sum, 
then  these  points  shall  not  be  used  In  the  sum.  This  sum  (13  cells)  is 
multiplied  by  3/8  to  produce  the  "mean-level -threshold"  (MLT)  for  the  cell  of 
Interest.  This  is  equivalent  to  dividing  the  sum  by  13  to  derive  the  mean, 
and  then  multiplying  by  4.875  (threshold  value  equal  to  +13.8  dB  for 

*  10~^).  If  S/I  was  detected  for  the  point  being  thresholded,  thresholding 
snail  be  suppressed.  The  MLT  for  any  range  gate  and  any  filter  shall  be 
equal  o  or  greater  thau  the  peak  quantization  noise  of  the  system.  Xf  a 
filter  output  magnitude  value  exceeds  the  computed  threshold  value,  it  shall 
then  be  subjected  to  further  testing  as  described  later  In  paras.  3.4.5.3.11 
and  3.4.5.3.12. 

3.4.5. 3.8.1  Adaptive  Thresholding  for  1/16  nml  -  7/16  nml  Range  Cates.-  The 
estimates  of  ground  clutter  anq>lltude  and  scanning  modulation  residue  in  each 
range/azlmuth/fllt  .*  cell,  in  the  range  Interval  1/16  nml  to  7/16  nzd  (7 
range  cells,  At  least  512  CPI  (azimuth)  cells,  and  8  filter  cells)  shall  be 
kept  In  mass  storage  known  as  a  residue  nap.  The  updating  and  use  of  the 
residue  shall, be  as  described  In  paragraphs  3.4.5. 3.9  and  3.4.5.3.10.  Adap¬ 
tive  "mean-level-threshold"  (MLT)  Is  not  valid  for  these  range  gates,  and 
the  temporally,  smoothed  residue  nap  values  shall  be  used  Instead.  This  unit 
shall  permit  processing  of  the  range  interval  1/16  nml  to  7/16  nml  where  MLT 
values  are  not  available. 

The  use  of  the  canceller  reduces  the  precision  requirements  on  the  filter 
weights. 
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Figure  3.4.5-4A  Non -Zero  Velocity  Filter  Characteristics 
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Figure  3.4.5-4B  Non-Zero  Velocity  Filter  Characteristics 
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Figure  3.4. 5>5  Zero  Frequency  Filter  Characteristic 


3.4. 5. 3. 9  Clutter  Map.-  The  esclmaccs  of  ground  clutter  aoiplltude  In  each 
range/azimuth  cell  shall  be  kept  in  uass  storage  known  as  a  clutter  nap.  The 
map  shall  have  a  range  resolution  of  one  gate  end  an  azimuth  resolution  of  one 
CPI.  As  each  value  from  the  map  Is  used  for  thresholding  during  the  current 
scan,  it  shall  be  updated  by  adding  7/8  of  the  present  map  value  to  the 
present  scan  value  and  re-stored  for  use  during  tj^e  next  scan.  An  ability  to 
restrict  the  updating  of  the  clutter  map  to  any  2  th  scan  (n<4)  shall  be 
provided.  If  the  S/I  has  been  detected,  the  map  shall  not  be  changed.  On 
powering-up  or  switching  antenna  polarization,  the  clutter  map  shall  be  set 
equal  to  a  level  equal  to  elgnt  (8)  times  the  receiver  noise,  and  the  de¬ 
claration  of  zero- velocity  target  reports  shall  be-  suppressed  for  the  next 
16. n  scan.  Except  when  tlie  standby  channel  is  in  the  maintenance  mode,  the 
standby  channel  clutter  map  shall  receive  current  data  from  the  active  channel, 
so  that  when  tlie  standby  channel  Is  switched  to  active  status,  the  clutter  map 
will  contain  up-to-date  data,  and  zero-velocity  targets  can  be  declared 
Immediately. 


3.4.5.3.10  Zero-Velocity  Filter  Thresholding.-  In  order  to  threshold  the 
zero  doppler  filter  (SVF)  output.  It  Is  necessary  to  use  the  clutter  nap  which 
contains  cells  for  each  range-azimuth  resolution  cell  of  the  radar.  These 
values  shall  be  represented  as  8-blt  floating  point  numbers  (3-blt  mantissa; 
1-bit  implied  mantissa;  S-blt  exponent)^  Each  magnitude  value  is  compared  to 
S/8  of  the  value  In  the  clutter  map  for  thresholding  with  the  sane  quantiza¬ 
tion  noise  limit  and  S/I  requirements  as  above. 

3.4.5.3.10.1  Zero-Velocity  Filter  Overload  Limiting.-  Since  the  clutter-nap 
values  are  temporally  smoothed  over  a  minimum  of  8  scans  excessive  numbers  of 
zero-vcloclty  target  declarations  can  occur  with  the  onset  of  interference.  To 
prevent  overloading  subsequent  processing,  the  rate  of  zero-velocity  target 
declarations  per  CPI  shall  be  limited  to  fewer  than  (8).  If  more  than  eight 
zero-velocity  targets  are  declared  during  a  CPI  then  all  zero-velocity  target 
reports  shall  be  erased,  and  none  transmitted  to  subsequent  processing  stages. 

3.4.5.3.11  Combined  Thresholding.-  All  noo-zero-veloclty  filters  shall  be 
compared  to  a  combined  threshold  which  Is  tne  arithmetic  sum  of  the  adaptive 
threshold  (MLT)  and  a  fraction  of  the  zero-trelocity  filter  magnitude  for  the 
same  range  cell.  Antenna  scanning  modulation  residue  In  the  presense  of 
limiting  ground  clutter  Introduces  noise  into  the  non-zero-velocity  filters, 
at  levels  equal  to  or  greater  than  system  noise,  and  can  Increase  the  rate  of 
correlated  false  alarms.  Combined  thresholding  shall  be  used  to  selectively 
Jensensitlze  those  range/CPI  cells  containing  "very  high"  clutter  amplitudes. 
The  amount  of  desensitlzatlon  (fraction  of  the  zero-velocity  filter  amplitude 
that  Is  used)  shall  be  separately  adjustable  for  each  filter.  The  range  shall 
be  1/16  (-24  dB)  to  1/256  (-48  dB)  approximately  In  3  dB  steps.  When  the 
zero-velocity  filter  amplitude  is  below  a  programmable  value  (adjustable  for 
each  filter)  for  the  fllter/cell  under  test,  the  zero-velocity  filter  contri¬ 
bution  to  the  threshold  is  set  to  zero  and  the  MLT  for  this  cell  shall  be 
used. 


*The  ntimber  of  bits  shown  here  represent  minimal  acceptable  values  to  achieve 
the  desired  peak  error  of  12%. 
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3.4.5.3.11.1  Coinblnod  Thrcaholdint;  1/16  nmi  to  7/16  nml.-  Gates  In  the  range 
1/16  nmi  to  7/16  ml  shall  be  threaholded  using  residue-map  values,  since 
adaptive  MLT  value,  are  not  available. 

3.4.5.3.12  Fixed  Thresholding.-  All  primitive  target  amplitudes  shall  be 
compared  to  a  fixed  amplitude  threshold.  If  the  amplitude  of  the  primitive 
target  is  equal  to  or  greater  than  the  fixed  amplitude  threshold  and  all  other 
thresholds  have  been  exceeded,  then  the  primitive  report  shall  be  output  to 
the  C&l  processor  with  the  necessary  data  regarding  doppler,  azimuth,  range, 
and  magnitude;  otherwise  the  target  report  shall  not  be  used.  This  threshold 
level  sliall  be  adjustable  by  ROM  option,  and  selectable  by  filter. 

3.4.5.3.13  Weather  Piocesslng  Module.-  This  unit  shall  be  designed  to  detect 
the  presense  of  precipitation  clutter  which  exceeds  two  normalized,  program¬ 
mable  amplitude  levels,  in  either  linear  polarization  or  circular  polarization. 
The  unit  shall  detect  threshold  crossings  in  range/CPI  cells  by  comparing 
averaged  signal  amplitudes  against  a  table  of  range  dependent  stored  values. 

Four  range  dependent  tables  shall  be  computed  and  stored;  two  for  use  when  the 
system  is  operated  in  linear  polarization  (LP),  and  two  for  use  when  the 
system  is  operated  in  circular  polarization  (CP).  The  values  used  for  CP  may 

be  scaled  from  the  LP  values  by  1/4  (-12  dB).  On  alternate  scans  of  the 
antenna,  and  during  alternate  CPIs  compare  the  sum  of  the  amplitudes  of  all 
filters,  over  a  16-range  gate  Interval  (1  nmi),  and  declare  a  threshold 
crossing  if  the  sum  is  equal  to  or  greater  than  tlie  stored  value,  for  cne 
level  of  rainfall  rate.  This  process  shall  be  accomplished  in  1/2  nmi  range 
increments  for  additional  smoothing.  During  the  same  scan  and  on  the  same 
CPIs  compare  the  sum  of  the  amplitudes  of  all  non-zero-velocity  filters 
against  the  same  stored  value.  Declare  a  threshold  crossing  if  the  sum  is 
equal  to  or  greater  than  the  stored  value.  Thus  two  range  dependent  streams 
of  threshold  crossings  or  zeroes  are  developed  for  alternate  CPIs  during  this 
scan,  indicating  possible  locations  at  which  the  rain  rate  exceeds  the  threshold 
level.  This  shall  be  repeated  on  the  subsequent  scan  of  the  antenna  for  the 
other  level  of  rainfall  rate.  These  data  are  transferred  to  the  C&I  processor 
for  temporal  filtering,  screening  of  false  isolated  threshold  crossings,  and 
for  estimating  contour  Intervals  for  both  levels.  The  C&I  unit  will  use  a 
coarse  clutter  map  to  choose  between  the  all  filter  thresholds  (cells  without 
high  clutter  values)  and  non-zero-velocity  filter  thresholds  (cells  containing 
high  ground  clutter  values).  The  table  values  used  (LP  or  CP)  shall  be  select¬ 
able  automatically  when  the  antenna  polarization  is  selected. 
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3.4.5.3.14  MTD  Processor  On-line  PlaRnoatlcs.-  The  MTD  processor  shall  be 
designed  with  excess  range  processing  capability  and  timing  margin,  to  allow 
processing  of  stationary  and  moving  test  targets  Introduced  Into  the  system 
either  digitally  for  self-test  or  Into  the  analog  system  front-end,  for 
system  test'  Since  the  overall  MTD  processor  Is  required  to  have  a  mean  time 
between  functional  failure  of  3000  hours,  the  processor  as  a  unit  must  have  a 
mean  time  between  functional  failure  of  5000-6000  hours.  There-fore,  the  MTD 
processor  on-line  diagnostic  capability  shall  be  limited  In  scope,  shall 
Indicate  only  major  failures,  and  operate  so  as  to  Introduce  essentially  no 
false  alarms. 

3.4.5.3.15  Filter  Normalization.-  The  primitive  target  report  strength  (STR) 
shall  be  corrected  to  account  for  differences  in  filter  gains.  Each  STR  value 
shall  be  multiplied  by  a  tabular  constant  depending  on  the  filter  number. 

3.4.6  Correlation  and  Interpolation  processor  (C&I).-  The  C&I  pro  essor 
shall  receive  primitive  target  reports  and  weather  contour  data  f rc  n  the 
digital  signal  processor.  Its  principal  function  shall  be  to  corr  late, 
i.e.,  cluster,  primitive  target  reports  which  are  associated  with  .  single, 
moving,  aircraft  target,  and  normalize  their  amplitudes  by  filter  (velocity) 
and  Interpolate  (estimate)  foremost  likely  range,  azimuth,  velocity  and 
amplitude.  As  the  antenna  scans  by  moving  aircraft  targets,  a  nui  ber  of 
primitive  target  reports  may  be  declared  during  each  CPI  and  the  target  may 
be  above  threshold  for  as  many  as  eight  CPIs.  Thus,  large  number  of  primi¬ 
tive  target  reports  may  be  associated  with  a  single  moving  target.  The  C&I 
processor  shall  develop  a  single  target  report  for  each  separable  cluster  of 
primitive  reports,  and  provide  an  estimate  of  range  (1/32  nm),  azimuth  (1 
ACP),  velocity  (filter  to  1/64  of  unambiguous  interval)  and  normalized  am¬ 
plitude  (STR).  The  target  report  shall  also  Include  the  number  of  primitive 
target  declarations  associated  with  the  report.  The  unit  shall  be  micro- 
programmable  and  shall  have  certain  parameters  (e.g.,  censorable  range- 
azimuth  cells  for  moving  ground  traffic)  selectable  for  each  radar  site.  It 
shall  develop  adaptive  amplitude  thresholds  to  prevent  system  overload  under 
conditions  of  severe  "angel"  activity.  This  unit  shall  format  radar  target 
reports  for  transmission  to  the  surveillance  processor  and  also  to  a  co¬ 
located  radar  beacon  correlator  (DABS)  when  applicable. 
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.  3.4.6. 1  C&I  Processor  Inputs  and  Outputs.-  The  Inputs  to  the  Cil  processor 
shall  be: 


(a)  Primitive  radar  target  reports, 

(b)  Two-level  weather  threshold  crossings 

The  output  of  the  C&I  processor  shall  consist  of  centrolded  radar  target 
reports,  output  within  3/64  scan  of  passing  the  target  azimuth  position, 
and  smoothed  two-level  weather  contours.  The  C&l  processor  shall  output 
on-line  performance  monitoring  parameters  to  the  maintenance  display.  The 
output  reports  shall  contain  the  following  information: 

(a)  Target  range  (12  bits) 

(b)  Target  azimuth  (14  bits) 

(c)  Maximum  am'plltude  filter  number  PKF-1  (4  bits) 

(d)  Maximum  amplitude  filter  number  PRF-2  (4  bits) 

(e)  Interpolated  doppler  PRF-1  (6  bits) 

(f)  Interpolated  doppler  PRF-2  (6  bltts) 

(g)  Amplitude  (12  bits) 

(h)  Report  quality  (2  bits) 

(I)  Total  number  of  primitive  reports  last  scan  (12  bits) 

(J)  Total  number  of  radar  reports  last  scan  (10  bits) 

(k)  Total  number  of  radar  reports  last  scan  below  (10  bits) 

(l)  Total  number  of  radar  reports  last  scan  prior  to  2nd  adaptive 

threshold  (10  bits) 

(m)  Threshold  used  last  scan  (4  bits) 

(n)  Moving  test  target  status  -  Range  (1  bit) 

Azimuth  (1  bit) 

Amplitude  (1  bit) 

Velocity  (1  bit) 

P^  (2  bits) 

The  number  of  bits  indicated  above  are  based  on  the  DABS  Engineering 
Requirement  (ER)  documents. 
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(o)  Two-level  weather  range/CPl  contour  point  reports  to  DABS/A8.TS 
aa  specified  in  FAA-ER-240-26A. 


(p)  Two-level  weather  range/CPI  contour  point  reports  to  the  surveil¬ 
lance  processor  for  transnlssion  to  the  display  processor.  Note: 
These  are  internal  to  the  MTD  processing  subsystem,  and  shall 
be  Internally  consistent  with  data  transfer  requirements. 


3. A. 6. 2  Ma.ior  Functions  of  the  C&I  Processor.-  Major  functions  of  the 
C&I  processor,  as  shown  in  Fig.  3. 4. 6-1,  are: 


Input  data  unpacking/buffering 
Thresholding/Censoring  map 
Adaptive  amplitude  censoring 
Correlating  of  primitive  reports 
Interpolating  target  reports 
Second  adaptive  amplitude  censoring 
Target  load/false  alarm  control 
Two-level  weather  smoothing  and  contouring 
Real-time  monitoring 
Output  formatting 


(3.4.6.3.1) 

(3.4.6.3.2) 

(3.4.6.3.3) 

(3.4.6.3.4) 

(3.4.6.3.5) 

(3.4.6. 3.6) 

(3.4.6.3.7) 

(3.4. 6.3.8) 

(3.4.6.3.9) 

(3.4.6.3.10) 


The  detail  design  requirements  for  each  of  these  functions  are  specified  in 
the  following  paragraphs. 

3.4. 6. 3  C&l  Processor  Performance  Requiremt-nts. - 


3. 4. 6. 3.1  Input  Data/Onpacking  Buffering.-  Input  data  unpacking/buffering 
shall,  receive  packed  data  in  suitable  format  from  the  MTD  processor  over  a 
high-speed  I/O  channel.  It  shall  unpack  the;  primitive  target  reports  and 
wcnchcr  contour  data  and  place  these  data  Iii  .separate  buffers  for  subsequent 
internal  handling.  The  buffer  capacity  shall  be  large  enough  to  allow  the 
C&I  processor  to  run  up  to  16  CPI's  behind  real-time  when  handling  peak 
primitive  target  loads. 

3. 4. 6. 3. 2  Thresholding/Censoring  Map.-  The  threshold/censoring  map  shall 
be  a  site  dependent  thresholding/censoring  screen  to  eliminate  persistent 
correlated  false  alarms  produced  by  moving  ground  traffic,  and  regions  of 
limiting  ground  clutter.  It  shall  contain  a  map  of  range/CPI  cells  with 
resolution  of  1/4  nml  by  4-CPIs.  The  range  and  azimuth  of  each  input 
primitive  target  report  shall  be  used  to  look  up  a  3-blt  number  in  the  map. 
The  3-blt  code  from  the  map  and  the  primitive  target  report  siaximum  amplitude 
filter  number  shall  be  used  (via  a  decoding  table)  to  determine  a  threshold 
value  for  the  primitive  target.  This  is  Intended  to  implement  a  threshold¬ 
ing  map  with  four  (including  0)  values  of  flat  (in  doppler)  thresholdai^and  a 
shape  the  same  as  the  antenna  modulated  clutter  residues.  This  function 
shall  serve  as  a  geographic  censor  and  selective  software  range/azlmuth/galn 
control  (RAG).  Primitive  target  reports  falling  to  pass  the  shaped  doppler 
thresholds  shall  be  eliminated;  primitive  target  reports  failing  to  pass  the 
flat  doppler  thresholds  shall  be  flagged  as  possibly  moving  ground  traffic 
target  reports  and  passed  on. 

*Analagous  to  target  cross-section  threshold. 
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3.4.6. 3. 3  Adaptive  Amplitude  Cenaorlng.-  This  function  shall  compare  input 
primitive  target  report  amplitudes  against  the  pertinent  global  and  fine 
grain  adaptive  amplitude  thresholds  which  apply  to  the  range/azlmuth/f liter 
number  values  of  the  report.  The  algorithms  for  developing  the  adaptive 
amplitude  threshold  values  are  described  later  in  this  section.  Under  normal 
operating  conditions  adaptive  amplitude  censoring  shall  not  censor  primitive 
target  reports.  Censoring  of  primitive  target  reports  at  this  stage  of  C&I 
shall  take  place  under  conditions  of  extreme  "angel"  activity,  and  perform 
two  functions:  1)  reduce  the  primitive  report  load  on  the  correlation/ inter¬ 
polation  modules,  and  2)  prevent  large  numbers  of  angel  false-alarms  from 
associating  with  aircraft  target  clusters,  and  producing  interpolation  errors. 

3. 4. 6. 3. 4  Correlating  of  Primitive  Reports.-  This  function  shall  cluster 
(correlate)  primitive  target  reports  which  are  associated  with  the  same 
moving  target  based  on  range  and  azimuth  proximity.  Clusters  shall  be  formed 
as  follows. 

A  single,  isolated  report  which  cannot  be  correlated  with  any  of  the  existing 
clusters  shall  form  the  first  entry  in  a  cluster  file.  On  succeeding  cor¬ 
relation  attempts  a  primitive  shall  be  added  to  a  cluster  file  if  it  is  in  or 
adjacent  to  the  cluster  in  range  and  in  or  adjacent  to  the  cluster  in  azimuth 
except  that  one  CPI  can  be  skipped  in  the  azimuth  ease  to  allow  for  blind 
speeds.  If  the  addition  of  the  primitive  report  will  result  in  the  cluster 
becoming  larger  than  the  range  and  azimuth  limits  (3-range  cells,  8-CPIa), 
then  the  new  primitive  report  shall  not  be  associated  with  this  cluster.  An 
attempt  shall  be  made  to  correlate  each  primitive  report  in  a  particular  CPI 
with  each  cluster.  If  the  primitive  has  already  correlated  with  one  cluster 
and  then  correlates  with  another,  the  primitive  report  shall  be  incorporated 
into  both  clusters.  After  all  primitive  reports  in  a  CPI  are  clustered,  the 
clusters  shall  be  examined  to  determine  if  any  are  completed.  Vhen  two  CPI's 
have  been  passed  without  adding  a  primitive  report  to  a  cluster,  the  cluster 
shall  be  closed.  Wlien  a  cluster  is  closed,  it  shall  be  passed  to  the  cen- 
troiding  unit  for  processing. 

Primitive  target  reports  flagged  as  possible  moving  ground  traffic  shall  only 
be  correlated  with  other  reports  with  the  same  flag  set.  This  flag  shall  be 
appended  to  the  cluster  when  it  is  closed. 

3. 4. 6. 3. 4.1  Elimination  of  RFI  False  Alarms.-  This  function  shall  eliminate 
single  CPI  clusters  with  n(S<n<8)  or  u»re  filter  reports  in  a  range 

gate.  Pulsed  RFI  occurring  in  a  range  gate  containing  large  elutter/noise 
signals  may  not  be  detected  by  the  Interference  test,  and  it  ■halj  be  the 
function  of  this  module  to  eliminate  those  clusters  i^lch  are  detected  by 
this  test.  A  means  shall  be  provided  to  disable  this  feature. 
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l.A.6.3.5  Interpolating  Target  Reports. ~  This  function  shall  develop 
estimate(s)  of  the  centroids  of  clusters  of  primitive  target  reports.  In 
range  (1/32  nol),  azimuth  (1  ACP),  amplitude  (1  A/D  count)  and  velocity  (1/64 
of  unambiguous  Interval). 

Centrolded  ranges  and  azimuths  shall  be  calculated  for  each  cluster  using  a 
"center  of  mass"  algorithm.  The  range  centroid  la  given  by: 


) 


£  amplitude^  x  range^ 

£  amplitudes 

and  the  azimuth  centroid  Is  given  by: 


£  amplitude^  x  azlmuth^^ 

£  amplitudes 

It  will  be  necessary  to  adjust  some  primitive  report  azimuth  values  for  the 
case  In  which  a  cluster  straddles  zero  decrees  azimuth.  In  order  to  produce  a 
valid  centroid. 

The  Interpolating  and  target  reporting  unit  shall  append  a  "quality"  factor 
to  each  centrolded  target  report  Indicating  the  following: 

Quality 


(a)  One  CPI  Report  0 

(b)  IWo  CPI  Reports  different  types  1 

(c)  IWo  or  more  CPI  reports,  same  PRF  2 

(d)  Two  or  more  CPI's  each  FRF  3 


The  maximum  normalized  amplitude  In  each  of  the  filter  groups  0,  1-7,  2-6 
and  3-4-5,  shall  be  determined  and  appended  to  the  centrolded  target  report. 
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Figure  3.4.6-2  Target  Report  Amplitude  Thresholding 
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3.4.6. 3.6  Second  Adaptive  Aaplitude  Censoring.-  This  function  shall  compare 
input  target  report  aiq>lltudes  against  an  adaptive  (load/false  alarm  control¬ 
ler  derived)  amplitude  threshold  for  the  range,  azimuth,  applicable  filter 
number.  Target  reports  with  amplitudes  below  this  threshold  for  all  res¬ 
pective  filter  groups  shall  be  discarded.  Target  reports  with  at  least  one 
amplitude  equal  to  or  above  one  filter  group  threshold  shall  be  passed  to 
the  output  formatter,  the  performance  flK>nlCor  processor  and  to  the  target 
load/ false  alarm  controller.  At  this  point  two  target  report  confidence  in¬ 
dicators  shall  be  added  to  the  report.  The  first  Indicates  that  a  zero- 
velocity  filter  amplitude  was  required  to  enable  this  report  to  pass  the 
applicable  thresholds.  The  second  indicates  that  this  target  report  is  the 
centroid  of  a  cluster  with  a  moving  ground  traffic  flag.  The  first  condi¬ 
tion  shall  be  Indicated  by  the  low  order  bit  of  the  confidence  field  being  set 
to  zero  (0).  The  second  condition  shall  be  Indicated  by  setting  the  next  to 
low  order  bit  to  zero  (0). 

3. 4. 6. 3. 7  Target  Load/Falae  Alarm  Control.-  This  function  shall  develop 
adaptive  amplitude  threshold  levels  to  control  the  rate  of  primitive  target 
reports  input  to  C&I,  and  to  control  the  rate  of  false  alarms  to  surveillance 
processing.  The  target  report  amplitude  thresholding  shall  be  implemented 

in  the  following  two  sequential  modules: 

(a)  Fine  grain  threshold 


Target  reports  shall  be  first  thresholded  against  amplitudes  set 
for  880  fine-grain  cells  in  range,  azimuth  and  filter  space,  covering 
the  first  40  nm  of  radar  coverage.  The  fine-grain  cells  shall  be 
developed  as  follows: 

4  filter  groups  0  1,2  3,4,5  6,7 


10  range  bins 


0-40  nm  in  4  nm  increments 


4-40  azimuth  bins  dependent  on  range: 


range 

0-4 

nm 

4 

range 

4-8 

nm 

8 

range 

8-12 

lUS 

12 

range 

12-16 

nm 

16 

o 

azimuth  bins  per  360^ 
azimuth  bins  per  360^ 
azimuth  bins  per  360^ 
azimuth  bins  per  360 


range  36-4C  nm 


40  azimuth 


bins  per  360 


o 
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The  threshold  amplitudes  for  the  zero  velocity  filter  cells  shall  be 
calculated  as  follows:  If  i  (1  <  i  <  32),  or  more,  target  reports 
pass  the  amplitude  threshold  test  for  the  present  scan,  then  increase 
the  threshold  by  c-counts  (10  <  c  <  100)  for  the  next  scan.  If  fewer 
than  i  target  reports  pass  the  amplitude  threshold  test  for  the 
present  scan,  then  reduce  the  threshold  by  c/t  (10  <  t  <  40), 
for  the  next  scan.  The  maximum  amplitude  threshold  value  shall  be 
limited  to  a  count  equivalent  to  -t-30  dB  referred  to  system  RMS  noise. 
The  threshold  amplitudes  for  each  of  the  other  filter  cells  shall  be 
calculated  as  follows:  over  an  N  scan  (20  <  N  <  200)  interval,  a 
total  count  shall  be  kept  of  the  number  of  target  reports  (at  the 
output  of  this  function)  whose  amplitudes  are  above  and  below  a 
normalized  amplitude  which  is  equivalent  to  the  computed  cross- 
section  (STC-corrected)  for  a  STR  (-20  dBsu  <  STR  <  0  dBaa)  target 
at  the  mean  range  of  the  cell,  or  an  amplitude  equivalent  to  +20  dB 
S/H  (post-MTD  processing),  whichever  is  greater.  At  the  end  of  each 
N-scan  interval,  the  quantity  Wamall'^^large^®^  “  ^ 

shall  be  calculated.  If  this  quantity  is  equal  to  or  greater  than ' 
zero,  the  threshold  for  this  cell  shall  be  increased  by 
p-dB  (2  <  p  <  10).  If  the  quantity  is  equal  to  or  less  than 
r  (-100  <  r  <  0)  the  threshold  for  this  cell  shall  be  lowered  by  p-dB 
otherwise  it  shall  not  be  changed.  The  minimum  amplitude  threshold 
value  shall  be  no  lower  than  -3  dB,  referred  to  post-processing 
system  noise  for  any  cell.  Mot  all  cells  need  to  be  «q>dsted  on  the 
same  scan,  and  this  processing  load  can  be  distributed  in  time.  To 
be  defined  as  small,  a  target  must  be  detected  in  this  group  with  a 
large  enough  amplitude  to  have  passed  all  prior  thresholds  by  Itself, 
and  have  its  maximum  strength  in  all  filter  groups  less  than  STR.  To 
be  defined  as  large,  a  target  must  have  its  maximum  amplitude  in  this 
filter  group  greater  than  STR.  Targets  which  are  neither  large  nor 
small  do  not  affect  either  N  small  or  N  large  counts.  For  all  cases, 
a  target  with  a  ground  traffic  flag  set  shall  not  affect  either  count 


(b)  Coarse  grain  threshold 

The  second  portion  of  target  report  amplitude  thresholding  shall  be 
fast-acting,  coarse-grain,  using  only  two  range-azimuth  filter 
cells.  This  threshold  shall  be  only  based  on,  and  applied  to,  targets 
at  ranges  equal  to  or  less  than  20  nm.  This  nodule  is  divided  ^to 
two  cells,  one  containing  filters  0,  1,  2,  6,  7  and  the  other  con¬ 
taining  filters  3,  4,  5.  To  calculate  these  thresholds,  the  number 
of  target  reports  larger  than  and  smaller  than  (as  desertbed  above)  a 
normalized  amplitude  (equivalent  to  the  computed  cross-section  (STC- 
corrected)  STR,  at  the  nearest  1  nm)  passing  this  thresholding  module 
shall  be  summed  over  an  m-scan  period  (2<n<S).  The  quantity 
(Nsmaii“**iarge^®^  -V  (50<V<500)  shall  be  calculated.  If  this  quan¬ 
tity  is  equal  to  or  greater  than  zero,  the  threshold  shall  be  in¬ 
creased  by  q  dB(l  <  q  <  3).  If  the  quantity  is  equal  to  or  less  than 
(-100<V<0),  the  threshold  shall  be  decreased  by  q  dB,  otherwise  it 
shall  be  unchanged.  The  maximum  amplitude  .threshold  value  for  any 
cell  is  bounded  by  Che  value  (parameter)  selected  for  STR.  The 
minimum  amplitude  threshold  value  shall  be*  no  lower  than  -3  dB,  re¬ 
ferred  to  post-processing  system  noise  for  any  cell. 
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3.4.6. 3. 7.1  Target  Report  Threshold  Level.-  This  fimctlon  shall  monitor  the 
amplitude  distribution  of  target  reports  output  from  the  second  adaptive 
amplitude  censoring  unit  and  shall  develop  amplitude  threshold  levels  (azimutht 
range,  filter  number)  to  control  the  rate  of  false  alarms  output  from  C&l  to 
surveillance  processing  and  radar/beacon  correlation.  Mote  that  under  normal 
operating  conditions  (refer  to  Fig.  3. 4. 6-3)  without  low  amplitude  "angel" 
false  alarms,  90Z  of  moving  A/C  target  reports  are  above  -10  dBsm  (site  depen¬ 
dent  as  a  function  of  A/C  type  and  traffic  patterns). 

3. 4. 6. 3. 7. 2  Primitive  Report  Threshold  Level.-  This  function  shall  develop 
the  primitive  target  report  amplitude  threshold  levels  to  be  used  in  the  first 
adaptive  amplitude  censoring  unit  described  in  para.  3. 4. 6. 3. 3.  The  threshold¬ 
ing  levels  for  primitive  targets  shall  be  tlie  maximum  of  the  two  applicable 
thresholds  described  above  Cflne-grain,  coarse-grain)  reduced  by  10  dB. 

3. 4. 6. 3. 8  TWo-level  Weather  Smoothing  and  Contouring.-  The  weather  data 
smoothing  and  contouring  unit  shall  receive  streams  of  range  ordered  threshold 
crossings  for  two  levels  of  weather  from  the  MTD  processor.  Using  a  site- 
dependent  stored  map  (coarse,  1  nm  resolution)  this  unit  shall  combine  the  all 
filter  and  all  non-zero  velocity  filter  threshold  data  into  a  new  stream,  on 
alternate  scans  of  the  antenna  for  each  of  two  weather  levels.  Smoothing  of 
the  data  to  eliminate  Isolated  threshold  crossings  (possibly  due  to  large  air¬ 
craft  targets),  and  to  eliminate  isolated  zeroes  from  contiguous  streams  of 
threshold  crossings  shall  be  effected  as  described  in  3.4.6. 3.8.1.  Contour 
start  and  stop  ranges  shall  be  estimated  on  alternate  scans  for  each  of  the  two 
levels,  and  smoothed  over  a  six  scan  Interval,  before  updating  a  stored  two- 
level  contour  map.  This  map  is  then  output  during  the  development  of  the  next 
six  scan  map.  The  weather  map  output  shall  be  three  scans  of  light  weather 
followed  by  three  scans  of  heavy  weather.  The  range/CPI  for  each  contour 
boundary  shall  be  formatted  and  transferred  to  the  outputting  unit  for  transfer 
to  the  surveillance  processing  unit,  for  subsequent  output  to  the  display 
processor. 

3. 4. 6. 3. 8.1  Weather  Data  Smoothiiut.-  This  function  shall  develop  a  weather 
map^contalnlng  120  range  cells  (1/2  nml  granularity)  and  256  CPI  cells  (Azimuth 
1.4  granularity)  for  storing  (over  a  6  scan  interval)  weather  data.  Data 
shall  be  added  to  the  map  alternately  over  a  3-scan  period,  for  each  of  the 
heavy  and  light  weather  thresholds  (total  6  scans).  The  string  of  threshold- 
crossing  bits  are  used  to  update  the  stored  map  as  follows^ 
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At  ■  given  range  count  (RC)  and  azimuth  count  (AC),  If  the  bit  la  set  to  one 
(1)  then  one  (1)  Is  added  Into  the  map  at  these  locations;  (AC,  RC),  (AC-fl, 
RC+1),  (AC+1,  RC),  (AC+1,  RC-1),  (AC,  RC+1),  (aC,  RC-1),  (AC-1,  RC),  (AC-1, 
RC-1),  and  (AC-1,  RC+1),  except  In  these  cases;  If  (RC-1)<1,  or  (RC+1)>120 
If  (AC-1)<1  then  256  Is  used 
If  (AC+1)>256  then  1  Is  used 

The  cell  counts  will  be  In  the  range  0-27.  When  the  count  for  a  cell  Is  equal 
to  or  greater  than  12  at  che  end  of  the  sixth  scan  (3  scans  light  weather  and  3 
scans  heavy  weather)  smoothing  period,  this  cell  and  the  eight  cells  Im¬ 
mediately  surrounding  It  shall  be  declared  as  containing  weather  and  shall  be 
stored  In  the  weather  map. 

3.4. 6. 3. 9  Real-Time  Monitoring.-  This  unit  shall  monitor  the  status  of  real¬ 
time  data  within  the  C&I  processor.  It  shall  accumulate,  scale,  format,  and 
output  data  for  display  on  the  system  status  monitor.  These  data  shall  In¬ 
clude,  but  not  be  limited  to  the  following  data  during  each  scan  of  the  antenna: 

a.  Primitive  target  reports-total 

b.  Primitive  target  reports  filters  0-7 

c.  Output  target  reports-total 

d.  Output  target  reports-Quallty  0-3 

e.  Output  target  reports-Amplltude  equivalent  to  greater  than  -10  dBsm 

f.  First  amplitude  threshold  value-(0,l,2,6,7) 

g.  First  anqilltude  threshold  value-(3,4,5) 

h.  Last  scan  number  that  any  fine-grain  threshold  value  was  changed 

I.  Present  scan  number 

J.  Input  buffer  margin-pointer  number 

k.  Hovlng  test  target  status-bit  pattern 

l.  Number  of  weather  level-one  contour  points 

m.  Number  of  weather  level-two  contour  points 

n.  Number  of  target  reports  output  by  range.  In  10  nml  Increments 

o.  Nuad>er  of  error  messages 

3.4.6.3.10  Output  Formatting.-  This  unit  shall  receive  data  from  the  second 
adaptive  amplitude  censoring  unit  and  the  weather  contouring  init,  and  shall 
foroiat  these  data  for  transmission  to  the  surveillance  processor,  the  status 
monitor,  and  to  collocated  radar/beacon  correlation  systems. 
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3.4.7  Surveillance  Proceasor.-  The  surveillance  processor  shall  receive 
radar  target  reports  and  two-level  weather  contours  from  the  C&I  processor. 
False  target  reports  (not  associated  with  moving  A/C  targets)  shall  be 
eliminated  and  dlsplayable  moving  targets  Identified  using  scsn-to-scan 
correlation.  A/C  target  reports  and  two-level  weather  contours  shall  be 
output  to  the  display  processor. 

3. 4. 7.1  Surveillance  Processor  Inputs  and  Outputs.-  The  Inputs  to  the 
surveillance  processor  shall  be: 

(a)  radar  target  reports 

(b)  two-Iavel  weather  contours. 

The  outputs  of  the  surveillance  processor  shall  be: 

(a)  radar  target  track  reports 

(b)  two-level  weather  contours 

(c)  status  of  performance  monitoring. 

3.4. 7.2  Major  Processing  Steps  of  the  Surveillance  Processor. -  The  major 
processing  steps  of  the  surveillance  orocessor,  as  shown  In  Fig.  3. 4. 7-1, 
shall  be: 

Target  report-to-track  association  (''Association”)  (3.4. 7.4.2) 

Resolution  of  target  report-tr -track  association 
conflicts  ("Correlation")  (3.4. 7.4.3) 

Updating  track  file  parameters  with  new  radar  data, 
or  setting  coast  parameters  If  no  radar  data  Is  present 
during  current  scan.  Drop  track  files  that  have  been 
coasted  for  "too  many"  scans.  ("Track  Update")  (3. 4. 7. 4. 4) 

Formatting  and  outputting  of  radar  target  reports 
which  have  correlated  with  dlsplayable  track  files. 

Format  and  output  2-level  weather  contours.  ("Outputting") 

(3.4. 7.4. 5) 

Testing  to  Initiate  new  track  files,  using  radar  target 
reports  not  associated  with  existing  track  files.  ("Track 
Initiation")  (3.4. 7. 4. 6) 

3.4. 7. 3  Surveillance  Processor  Implementatlon.- 

3. 4. 7. 3.1  Surveillance  Processor  Implementation.-  The  MTD  survelllr.uce 
processor  shall  be  Implemented  using  a  higher  level  language  in  a  computer 
which  supports  a  real-time  operating  system,  responsive  to  the  requirements 
of  paragraph  3.0.  The  surveillance  processing  function  will  be  subject 
to  site-dependent  parameter  variations  and  should  be  Implemented  in  a  form 
that  can  support  additions  and  deletions  to  operating  algorithms,  without 
affecting  code  modules  not  being  changed. 


RADAtl  TARGET 
REPORTS 


Figure  3. 4. 7-1  Surveillance  Processor  Block  Diagram 
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3. 4. 7. 4  Surveillance  Processor  Performance  Requirements.- 


3.4. 7.4. 1  Overall  Performance.-  The  complete  sequence  of  surveillance  steps 
(para.  3.4. 7.2)  shall  be  performed  32  times  per  scan  of  the  radar,  i.e., 
radar  data  shall  be  collected  in  a  buffer  and  the  scan-to-scan  correlatiog 
programs  then  sequentially  process  the  data  for  the  11.2S‘'  sectors  (11.25° 

X  32  360°).  Since  aircraft  cross  sector  boundaries  at  different  stages 

of  the  processing,  sector  delays  (a  total  of  seven)  relative  to  the  sector  for 
which  radar  data  is  currently  being  input  to  the  scan-to-scan  correlation 
must  be  handled. 


A  state  diagram  for  the  scan-to-scan  correlator  (surveillance  processor)  is 
showi  in  Fig.  3.4. 7-2.  The  process  proceeds  as  follows:  Aircraft  which  are 
out  of  track  are  in  state  S  .  Upon  first  detection,  the  track  enters  state 
Sj^.  A  small  area  is  next  established  about  the  position  of  this  first 
detection  with  dimensions  6  and  6^  equal  to  the  distance  a  maximum  velocity 
aircraft  can  travel  plus  an^allowance  for  radar  measurement  error  in  the 
range  and  azimuth  dimensions.  If  on  the  next  scan  a  target  is  reported 
within  this  association  area,  the  arrow  marked  "p"  in  Fig.  3.4. 7-2  is 
followed  to  promote  the  track  to  state  $2.  If  no  target  is  reported  within 
the  association  area,  the -arrow  "q"  is  followed.  As  further  detections  occur, 
the  track  is  promoted  to  higher  states  until  it  reaches  the  steady  state. 

If  the  track  is  in  a  higher  state  than  S,,  other  values  of  6  and  6.  will 
have  been  established  in  the  track  update  process.  ^ 


The  transitions  p*  and  q*  represent  targets  that  are  followed  by  a  track  file 
which  has  not  yet  satisfied  a  minimum  distance  travelled  requirement  (see 
para.  3. 4. 7. 4.1). 


3. 4. 7. 4. 2  Target  Report-to-Track  Association.-  An  attempt  shall  be  made  to 
associate  each  input  radar  target  report  with  one  or  more  existing  tracks. 

To  qualify  for  association,  a  target  report  must  be  within  specified  range 
and  azimuth  windows  surrounding  the  predicted  position  of  the  track  during 
the  current  scan.  These  windows  represent  the  range  and  azimuth  prediction/ 
measurement  errors,  and  an  allowance  for  target  acceleration,  since  the  last 
scan.  The  dimensions  of  these  windows  shall  be  a  function  of  the  range  and 
state  of  the  track  as  follow: 


Track  State 


Azimuth 

+  maximum  target  velocity, 
nominally  600  nmi/hour 

+  (14  ACP  0.5g  acceleration)* 

+  (14  ACP  +  l.Og  acceleration) 

+  (20  ACP  +  l.Og  acceleration) 


Range 

+  maximum  target  velocity, 
nominally  600  nmi/hour 

+  4/32  nml 

+  7/32  nmi 

+  7/32  nml 


single-scan  Increase  for  acceleration. 
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Each  input  target  report  Buy  aasociate  with  any  track  file  that  haa  not  been 
updated  within  the  previous  one  half  scan,  however,  the  search  for  associations 
Buy  be  llaltsid  to  reasonable  range  and  aziaiuth  sectors  to  control  the  cobi- 
putational  requirements  of  the  association  process. 


3. 4. 7. 4. 3  Correlation.-  The  function  of  this  module  shall  be  to  resolve 
target  report-to-rxaex  tile  contxiuca^  Fossibly  non-usiqu?  target  report- 
to-track  file  associations  are  resolved  to  provide  a  one-on-one,  or  zero- 
on-one  correlation  between  target  reports  and  track  files.  This  process  shall 
be  delayed i  so  that  new  target  reports  received  from  late  azlBuiths  can  be 
included  in  the  search  for  associations.  Tttls  task  will  be  delayed  a  certain 
number  of  sectors  (correlation  shall  be  delayed  approximately  7-sectors, 
at  11.25  degrees  per  sector),  before  resolving  as8oclatlon(s)  and  outputting 
to  update.  For  the  case  where  only  one  target  report  was  associated  with  the 
track  file,  and  that  target  report  was  not  associated  with  any  other  track  file, 
the  correlation  is  trivial,  and  the  target/track  update/display  processing 
continues. 


In  the  case  where  more  than  one  target  reports  associate  with  the  track, 
and  at  least  onu  of  the  target  reports  is  not  associated  with  another  track 
(or  is  not  required  for  another  track  to  have  a  target  report  associated 
with  it) ,  then  the  target  report  with  the  smallest  association  measure 
(defined  below)  which  will  not  result  in  the  loss  of  a  target  report- 
to-track  association  for  another  track,  shall  be  correlated  with  the 


track.  /  . 

Association  laeasure  ■  I 


where:  6p  and  46  are  the  range  and  azimuth  windows  for  a  track  in 


State  2. 


In  the  case  where  all  of  the  associated  target  reports  are  necessary  for 
another  track  to  have  an  associated  target  report,  then  the  target  report 
correlated  shall  be  the  target  report  with  the  smallest  association 
measure,  and  absolute  preference  shall  be  given  to  a  target  report 
associated  with  another  track  which  is  not  in  State  3.  However,  a  target 
report  shall  not  be  correlated  with  a  track  when  this  will  result  in 
the  loss  of  an  association  to  another  track,  where  the  association  measure 
for  the  other  target  report-to-track  pair  is  smaller  than  the  association 
measure  for  the  track  currently  being  correlated.  This  resolution  shall  be 
performed  in  order  of  decreasing  track  age. 


3. 4. 7. 4. 3.1  Minimum  Distance  Kequirement.-  A  track  shall  not  be  allowed  to 
enter  either  State  3  or  State  7  until  it  has  either  Bwved  1/4  mai  in  range 
or  4  CPI's  In  azimuth.  Target  reports  at  ranges  greater  than  20  nmi  are 
exempt  from  this  requirement. 
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3.4. 7.4. A  Track  Update.-  The  correlation  process  has  resulted  In  either  aero 
or  one  target  report  being  associated  with  a  track  file.  The  track  file  state 
Is  now  updated  according  to  the  state  diagram  shown  In  Fig.  3. 4. 7-2.  If  the 
track  file  Is  not  dropped  (set  to  State-0,  Sq)  and  has  a  correlated  target 
report.  It  has  Its  posl(loo  updgte^  as  described  below.  Otherwise  It  Is 
coasted  using  the  same  pt  0  or  x,  y  used  on  the  previous  scan  (previous  update). 

When  the  range  of  the  new  target  report  Is  equal  to  or  less  than  8  nml,  a 
track  file  update  shall  be  performed  using  a  two-point  Interpolation  In  x,y, 
coordinates  as  follows: 


x*  *  measured  position  this  scan 
x"  ■  measured  position  past  scan 
X  -  x'  -  x" 

*  t  tf 

y  “  y  “  y 

predicted  x  ■  x'  +  x 
predicted  y  ■  y'  +  y 

After  the  track  file  has  been  predicted  ahead  to  the  next  scan,  the  position 
shall  be  converted  back  Into  p,  6  coordinates. 


When  the  range  of  the  new  target  report  Is  greater  than  8  nml.,  the  pre¬ 
diction  shall  be  done  In  p,  9  coordinates,  using  a,  8  smoothing  for  the  6 
prediction. 


smoothed  9 
predicted  0 
P 

predicted  p 


-  e  +  B(0'-e) 

-  e  +  o(0'-0)  +  9 

■  p  -p 

-  p'+p 


p'*,9‘'  ■  measured  position  present  scan 
P"  «  measured  position  past  scan 


The  values  of  a  and  0  used  In  the  process  for  smoothing  0  are  a  function  of 
the  target  report  quality.  The  quality  attribute  is  a  function  of  the  primitive 
target  reports  which  contributed  to  the  centrolded  azimuth  of  the  target 
report  on  the  current  scan,  and  is  set  in  the  C&I  processor.  Target  reports 
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with  low  quality  (possibly  large  error  In  azlnuth  position  aeasurement)  are 
smoothed  heavily,  and  target  reports  with  higher  quality  ("better"  measure¬ 
ment  of  the  azimuth  position)  are  smoothed  less.  The  values  of  a,  0  to  be 
used  In  predicting  the  track  file  position  for  the  next  scan  are  as  follows: 

Quality 

3 
2 
1 
0 

3.4. 7.4. 5  Outputs. 

3.4. 7.4.5. 1  Scan  Correlated  Targets.-  All  target  reports  which  correlated 
with  a  track  In  State-3  (S^)  shall  be  formatted  and  output  to  the  display 
processing  unit  via  GFE  MODEMS. 

3. 4. 7. 4. 5. 2  C  and  I  Targets.-  C  and  I  targets  shall  be  formatted  and  output 
to  the  display  processing  unit  via  GFE  MODEMS. 

3. 4. 7. 4. 5. 3  Weather  Contours.-  Two-level  weather  contours  shall  be  formatted 
and  output  to  the  display  processing  unit  via  GFE  MODEMS. 

3.4. 7.4.6  Track  Initiation.-  All  target  reports  %dilch  do  not  correlate  with 
a  track  file  are  candidates  for  starting  a  new  track.  Quality  zero,  non¬ 
correlating,  target  reports  at  range  less  than  R;  (0  nm  £  R  ^  20  nm)  and  all 
low-confidence  targets  (either  field)  are  discarded,  l.eT,  set  to  State-O 
(S»),  and  all  other  non-correlating  target  reports  become  a  track,  State-1 

(Sj)* 

3.4.8  Display  Processor.-  The  display  processor  shall  permit  simultaneous 
display  of  MTD  target  video,  MTD  weather  contour  video,  beacon  video  and  map 
video  on  displays  such  as  the  ARTS  or  FAA  Serics-7300  PPI  displays.  The 
processor  shall  delay  beacon  and  map  video  as  necessary  to  accoimt  for  MTD 
processing  delays  and  to  thereby  cause  proper  overlay  of  the  displayed  radar, 
beacon  and  map  video.  Antenna  position  signals  shall  also  be  delayed  for 
proper  sweep  rotation. 

Two  display  processors  are  required  in  the  ASR-MTD  system,  one  located  at  the 
TRACON/TRACAB  near  the  operational  displays  and  a  second  at  the  radar  site  to 
drive  the  radar  maintenance  display.  The  processors  are  Identical  with  the 
exception  that  the  maintenance  display  processor  does  not  process  map  video 
(It  is  not  available  at  the  radar  site) ,  and  the  TRACON  display  processor  has 
a  separate  beacon  signal  delay  circuit  for  each  RADS  console. 

A  candidate  hardware  implementation  is  described  in  Supplement  B  to  Appendix  A. 


a  0 

1.0  0.9 

1.0  0.9 

0.9  0.7 

0.6  0.3 


3.4.8. 1  Display  Processor  Inputs  and  Outputs.-  The  Inputs  to  each  dlepley 
processor  shall  be: 

(a)  MID  target  and  weather  video 

(b)  Beacon  video 

(c)  Antenna  ARP/ACP's 

(d)  Tiaing  Signals 

At  the  radar  site  the  target  and  weather  video  inputs  shall  be  extracted 
directly  from  the  surveillance  processor.  To  provide  the  saioe  Inforkation  to 
the  display  processor  located  at  the  TRACON/TRACAB  site  these  signals  shall 
be  forwarded  in  serial  format  over  a  synchronous  data  link.  The  necessary 
modems  shall  be  provided. 

The  outputs  of  each  display  processor  shall  consist  of: 

(a)  Delayed  HTD  target  video 

(b)  Delayed  weather  video  (TRACOM/TRACAB  alte  only) 

(c)  Delayed  beacon  video 

(d)  Delayed  ARP/ACP's 

(e)  Delayed  triggers  (as  may  be  required) 

At  the  radar  site  the  above  outputs  are  provided  to  the  maintenance  display; 
at  the  TRACON/TRACAB  site  these  signals  are  forwarded  to  the  video  display 
system.  Delayed  ACP/ARP  pulses  are  also  sent  to  the  video  map  unit. 

3. 4.8. 2  Hajor  Functions  at  the  Display  Processor.-  Kajor  functions  of  the 
display  processor  are: 

Beacon  video  delay  (3.4. 8.3.1) 

Sweep  aximuth  delay  (3.4. 8.3. 2) 

MTD  and  weather  video  handling(3.4.8.3.3) 

3.4.8. 3  Display  Processor  Performance  Requirements.- 

3.14.8.3.1  Beacon  Video  Delay.-  The  beacon  video  delay  unit  shall  consist  of 
n^  Identical  delay  sub-units  operating  under  comsion  control  circuitry,  where  a 
ia  jthe  number  of  RADS  display  consoles.  Each  sub-unit  shall  consist  of  a 
l-failt  quantizer  and  digital  delay  network  capable  of  introducing  on  adjustable 
video  delay  of  an  Integral  number  of  radar  sweeps.  The  delay  introduced  ehsTl 
be  adjustable  in  approxlouitely  50-sweep  increments  to  a  maximum  of  1500  sweeps, 
and  shall  be  common  to  all  sub-units.  The  precision  with  which  the  swaeps  are 
delayed  shall  be  at  least  one  range-gate  (1/16  nsl). 

3.4.1|.3.2  Sweep  Rotation  Delay.-  The  antenna  position  signals,  ACP  and  ARP, 
shall  be  delayed  by  the  same  sMunt  as  the  video  signals.  Delays  introduced 
shall  account  for  antenna  rotation  rate  variations  Introduced  by  wind 
and  mechanical  imperfections.  Tlaw  resolution  and  accuracy  shall  be  one  ACP 
interval. 
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An  ACP/ARP-to-synchro  converter  capable  of  driving  the  FAA  7300-Serle8  display 
systems  shall  be  provided. 

Delayed  ACP/ARP  signals  shall  also  be  provided  to  the  video  nap  unit,  in  order 
that  map  signals  be  delayed  an  amount  equal  to  beacon  video  delay. 

3. 4. 8. 3. 3  MTD  and  Weather  Video  Handler.-  MID  radar  target  reports  and  zones 
of  veather  activity  shall  be  transmitted  from  the  radar  alte  to  the  TRACON/TRACAB 
area  via  modems  In  serial  format.  The  Information  transmitted  shall  consist 
of  the  following  data: 

(a)  Range  of  target  or  weather  contour  point,  1/16  nm  resolution 

(b)  Azimuth  of  weather  contour  point  or  Initiation  of  target  display 
arc,  1/4096  of  360  resolution 

(c)  Arc  length  of  target  display,  number  of  radar  sweeps  in  which  target 
blip  is  to  be  painted 

(d)  Identifier  (target,  light  weather  or  heavy  weather),  two  bits 

The  video  handler  subsystem  shall  accept  these  messages  anf|  generate  the 
proper  signals  for  display  so  that  beacon  video,  map  video  ,  weather  video  and 
targets  may  all  be  painted  on  the  PPI  scope  at  the  proper  range  and  azimuth. 

Complete  transfer  of  weather  data  from  the  MTD  on  a  scan-to-scan  basis  shall 
not  be  required.  Complete  weather  ''msip''  data  may  be  stored  in  the  video 
handler  and  displayed  for  “n"  scans  (less  than  ten).  During  this  time,  an 
updated  weather  "map"  shall  be  transmitted  to  the  video  handler  subsystem  by 
sending  "one~nth"  of  a  complete  "map"  each  scan.  When  the  new  up  has  been 
completely  sent,  the  old  one  shall  be  discarded,  and  the  updated  one  shall  be 
displayed  for  "n"  scans  while  the  regenerating  process  is  reputed.  The  in¬ 
terior  of  each  zone  of  light  weather  shall  be  shaded  with  a  moderate  brightness 
level  on  the  FFI.  The  interior  of  each  zone  of  heavy  weather  shall  be  shaded 
with  a  brighter  level  on  the  FFI.  The  four  displayable  video  signals  shall 
feed  four  separate  video  Inputs  on  the  FFI  system,  each  with  its  own  brightness 
control.  The  ratio  of  brightness  between  light  and  heavy  weather  presentation 
shall  not  be  an  operator  adjustment. 

3.4.9  Ferfonaance  Monitoring.-  A  system  ot  real-tiu  performance  monitoring 
shall  be  Impleunted  ao  that  the  performance  parauters  of  the  syatem  can  be 
continuously  uasured.  A  mthod  of  eccomplishing  this  is  to  have  the  proces¬ 
sor  that  perforu  the  C&I  function  schedule  periodic  moving  test  target  alg- 
nals  input  to  the  radar  R/T.  The  C&l  processor  shall  then  analyze  the  re¬ 
sultant  slgul  processor  outputs  to  generate' reports  to  the  system  ulntenance/ 
status  display  regarding  the  current  system  parauters.  Aung  the  tests  that 
shall  be  included  are  a  uasureunt  of  the  destected  signal  aq>litude,  ranga, 
azimuth  and  Interpolated  velocity.  When  the 
dummy  load,  the  false  alarm  rate  shall  be  un 
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3.4.9.1  System  Maintenance  Status  Display.-  A  systeia  status  display  will 
be  laplemented  which  will  display  the  following  information. 

a.  System  Functional  Status  Summary  -  This  display  will  indicate  the 
state  of  the  units  of  the  dual-channel  radar  system  (available,  off,  or  in 
maintenance  mode). 

b.  Detailed.  System  Unit  Status  -  This  display  will  indicate  the  re¬ 
sults  of  the  Dwasurementa  performed  by  the  Performance  Monitoring  Subsystem. 

3. 4. 9. 2  Parameter  Display.-  This  display  will  indicate  certain  parameters 
which  relate  to  the  current  environment  and  traffic  load.  The  parameters  to 
be  displayed  shall  be: 

a.  Number  of  primitive  targets  in  the  previous  scan  by  doppler 
filters  and  total. 

b.  Number  of  centroided  targets  in  the  previous  scan  by  10-ml 
range  Increments  and  total. 

c.  Number  of  active  tracks/number  of  displayable  tracks. 

d.  Sunaary  of  the  s':ate  of  the  second  thresholds. 

e.  A  representation  of  the  free  processing  time  in  the  C&I 
and  surveillance  processors. 

f.  Total  number  of  weather  threshold  crossings  for  each  of  the 
two  weather  thresholds. 

This  display  shall  always  display  the  system  functional  status  summary,  however 
the  other  information  may  either  be  displayed  simultaneously  or  as  a  number 
of  operator-selectable  display  frames. 

3.4.10  Test  Target  Generator.-  A  test  target  generator  shall  be  provided 
whose  function  is  to  provide  a  means  of  testing  for  correct  operation  of  the 
entire  MTD  system  from  the  RF  input  to  the  C&I  output.  The  test  target  generator 
shall  accept  Inputs  for  range,  azimuth,  doppler  and  amplitude  from  the  C&I 
processor.  Its  output  shall  be  an  RF  simulation  of  a  target  with  the  input 
parameters  it  would  have  if  received  by  an  antenna  with  a  definable  (e.g.  set 
by  RCnO  antenna  azimuth  pattern.  It  shall  be  possible  to  operate  the  ASR-’ 

MTD  sjrstem  with  the  test  target  alone,  hence  provisions  shall  be  made  to 
operate  using  either  antenna  ACP's  and  ARP's,  or  simulated  ACP's  and  ARP's 
provided  by  the  system  timing  units. 


SUPPLEMENT  A  TO  APPENDIX  A 


A.1.0  Candidate  MTD  Processor  Architecture.-  This  appendix  provides  a  brief 
description  of  appropriate  MTD  processor  architecture.  An  MTD  processor  eia- 
ploylng  this  architecture  was  built  and  evaluated  at  Lincoln  Laboratory.  The 
parallel  processing  architecture  was  employed  to  achieve  the  necessary  proces* 
sing  speed*  functional  nudularity— permitting  flexibility  in  modifying  proces¬ 
sing  capacity,  and  on-line  sharing  of  common  processing  modules.  MTD  proces¬ 
sor  performance  requirements  given  In  this  specification  can  be  met  using  this 
architecture. 

A. 2.0  Parallel  Processor.-  Fig.  A-1.  is  a  block  diagram  of  the  canonical 
parallel  processor,  consisting  of  a  control  module  and  several  processing 
modules.  A  processing  module  was  assigned  to  each  10-or-more  mile  segment 
(ring)  of  range  coverage  and  each  module  type  was  composed  of  one  or  more 
printed  circuit  cards.  All  such  cards  were  mounted  In  nests  or  baskets  so 
that  all  connections  could  be  made  through  connectors  along  one  edge.  The 
number  of  card  types  was  held  to  an  absolute  minimum  to  facilitate  servicing. 

A.2.1  Processing  modules.-  Each  of  the  several  processing  amdules  consisted 
of  an  arithmetic  element,  a  toggled  or  "ping-pong*'  memory  for  storage  of  Input 
data,  and  a  bulk  memory  storage  of  gruuitd  clutter  Information.  Each  processing 
module  was  capable  of  performing  all  computations  necessary  to  completely 
process  a  series  of  Input  data  samples  through  thresholding.  The  Implementa¬ 
tion-contained  a  spare  processing  unit  automatically  exchanged  for  any  other 
processing  module  in  the  event  a  failure  was  indicated  by  the  performance  monitor¬ 
ing  routine. 

A.3.0  Controller.-  The  control  module  was  raicroprograimned  so  as  to  provide 
control  signals  to  all  the  processing  modules  simultaneously  so  that  they  all 
could  perform  a  given  operation  at  the  same  time.  The  controller  used  a  read¬ 
only  memory  (ROM)  to  hold  the  program  Instructions.  The  controller  was  res¬ 
ponsible  for  the  MTD  processing  as  well  as  the  on-line  testing  of  the  proces¬ 
sing  modules,  the  detection  of  a  fault  In  one  of  these  units,  and  the  switch¬ 
ing  In  of  the  spare  unit.  It  also  handled  output  message  transmission. 

A.4.Q  Maintenance  panel.-  The  signal  processor  cabinet  contained  a  front 
panel  with  appropriate  switches,  lights  and  Indicators  to  permit  a  field 
technician  to  diagnose  faults  to  a  particular  plug-ln  card. 

A. 4.1  Controls  and  Adlustments.-  All  adjustments  were  part  of  the  program 
firmware  and  thus  did  not  appear  on  a  front  panel.  Test  target  controls  were 
accessible  to  the  maintenance  personnel  without  removing  any  circuit  boards 
or  powering  down. 


PROCESSOR  MODULE  (PM-1) 


Canonical  Parallel  Processor,  Block  Diagram 


SUPPLEMENT  B  TO  APPENDIX  A 


B.1.0  Candidate  Display  Processor.-  A  hardware  Implementation  of  the  display 
processor  specified  In  Section  3.4.8  Is  described,  and  a  block  diagram  Is 
shown  In  Fig.  B-1. 

B.2.0  Beacon  Video  Delay  Unit.-  Beacon  video  for  each  RADS  is  quantized  by 
passing  It  through  a  thresholding  circuit  with  adjustable- bias.  It  Is  then 
passed  through  a  delay  line  made  up  of  up  to  thirty-two  16K  dynamic  memory 
chips  organized  as  a  shift  register.  Each  chip  represents  16  beacon  sweeps 
of  II  range  gates,  where  n  Is  adjustable,  but  Is  usually  set  at  880  or  55  nml. 
Since  beacon  sweeps  only  occur  c.i  each  third  radar  sweep,  each  memory  chip 
represents  a  delay  of  48  radar  sweeps,  or  approximately  50  milliseconds.  The 
delay  lire  may  be  "tapped"  at  the  output  of  any  chip,  thus  making  a  total  of 
about  1.6  seconds  tapped  each  50  milliseconds.  The  output  from  the  selected 
tap  is  passed  through  a  line  driver  to  one  of  the  video  input  ports  on  the 
appropriate  RADS  PPI  system. 

B.3.0  ACP/ARP  Delay  Unit.-  The  AGP  and  ARP  signals  are  each  passed  through 
Identical  digital  delay  lines.  Only  one  will  be  described.  The  dqlay  con¬ 
sists  of  five  4K  static  memory  chips  organized  as  a  shift  register  of  20,480 
stages.  The  shift  clock  rate  Is  adjustable  and  Is  set  to  provide  a^total 
delay  time  identical  to  the  video  delay  described  above.  For  1.5  seconda  of 
delay,  the  clock  frequency  Is  about  14  KHz.  The  delayed  AGP  and  ARP  puls'es 
are  fed  to  line  drivers  and  thence  to  the  PPI  sweep  generators  (or  to  synchro 
converters)  and  to  the  video  mcp  generator. 

B.4.0  MTD  Video  Handler.-  MTD  data  consists  of  messages  forwarded  iii  serial 
format  over  a  synchronous  data  link.  Each  message  describes  a  radar  target 
or  a  weather  contour  point.  Messages  are  ri>celved,  decoded  and  formatted  In 
a  microcomputer.  The  range  frame  of  the  message  Is  compared  to  a  range  gate 
counter  and  when  they  are  equal,  the  message  is  entered  Into  a  first-ln 
flrst-out  (FIFO)  register.  By  making  this  comparison,  the  messages  arc 
stored  In  the  FIFO  In  ascending  (correct)  range  order  regardless  of  the  order 
In  which  they  are  received  from  the  MTD.  Figure  B-2.  Is  a  flow  chart  of  opera¬ 
tions  In  the  video  handler.  Any  or  all  operations  can  take  place  within  one 
range  gate  time  Interval.  At  the  start  of  each  range  time  Interval,  the  micro¬ 
computer  output  Is  examined  to  see  If  there  Is  a  message  with  a  range  frame 
equal  to  the  range  counter  at  that  time,  and  If  so.  It  la  entered  into  the  FIFO. 
Each  message  that  arrives  at  the  FIFO  output  Is  examined  to  see  if  its  azimuth 
frame  matches  Che  output  of  an  azimuth  counter  running  on  delayed  AGP/  ARP  sig¬ 
nals.  If  there  Is  a  negative  comparison,  Che  message  Is  reentered  at  the  input 
of  the  FIFO.  All  messages  in  the  FIFO  are  recirculated  until  it  is  time  to  dis¬ 
play  them  on  the  PPI  scope.  If  there  is  a  favorable  azimuth  comparison,  it  Indi¬ 
cates  that  Che  sweep  rotation  is  in  the  correct  position  to  display  this  target. 
The  range  frame  is  again  compared  with  Che  range  gate  counter  to  see  If  the  GRT 
beam  Is  at  the  proper  range  to  paint  Che  target.  When  the  range  compares 
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Figure  B-2  Flow  Chart  Display  Processor 


favorably,  a  dlaplay  control  In  the  aeasage  la  turned  on,  the  arc-length  frame 
la  decremented  the  range  and  identifier  frames  are  passed  to  a  second  holding 
register  and  the  message  la  re-entered  Into  the  FIFO  with  the  display  bit  turn¬ 
ed  on.  On  each  succeeding  sweep  the  range  and  identifier  frames  will  be  passed 
to  the  holding  register  and  the  arc-length  will  be  decremented  until  such  time 
as  the  arc-length  has  been  reduced  to  zero.  At  that  time,  the  message  will  not 
be  re-entered  Into  the  FIFO  and  will  be  dropped  from  storage,  as  display  of  the 
target  has  been  completed. 

The  holding  register  consists  of  another  FIFO  which  holds  data  for  one  full 
sweep.  If  two  targets  overlay  so  that  they  would  each  require  the  same  point 
to  be  painted,  the  redundant  point  is  not  entered  into  this  register.  Again, 
each  message  that  appears  at  the  output  of  this  FIFO  is  compared  to  the  range 
counter  and  held  until  a  favorable  compare  is  achieved.  This  FIFO  causes  all 
points  to  be  displayed  one  sweep  late,  but  this  is  not  detrimental  because  one 
millisecond  of  sweep  rotation  is  not  resolvable  on  the  PPI.  When  comparison 
is  made,  the  Identifier  bits  are  examined.  If  a  target  is  Indicated,  a  1/16 
nml  pulse  is  sent  to  the  MT*)  video  input  port  on  the  PPI  system  to  cause  a 
dot  to  be  brightened  at  the  correct  range  and  azimuth.  If  light  or  heavy 
weather  is  Indicated,  a  pulse  is  sent  to  the  weather  processor. 

The  weather  processor  consists  of  two  flip-flops  and  a  combiner.  The  flip- 
flops  are  set  to  zero  at  the  start  of  each  display  sweep.  If  a  light  weather 
point  is  decoded,  the  light  weather  flip-flop  is  set.  A  second  point  In  the 
same  sweep  (representing  the  outer  edge  of  the  contour)  causes  the  flop  to 
be  reset.  Mtemating  points  in  the  sane  sweep  cause  alternate  sets  aiid  resets. 
Thus  it  nay  be  considered  Chat  weather  data  points  represent  start  and  stop 
signals  for  weather  zones.  During  the  time  that  the  flop  is  set,  an  intensify 
signal  is  sent  to  the  combiner.  If  a  heavy  weather  point  is  decoded,  the  other 
flip-flop  is  toggled  in  exactly  Che  same  way  and  a  brighten  Intensify  signal 
is  sent  to  the  combiner.  Each  weather  message  has  an  arc-length  frame  that 
causes  Che  start  and  stop  points  to  be  displayed  for  18  sweeps,  the  azimuthal 
resolution  of  Che  weather  data  from  MTD.  The  combiner  is  an  analog  circuit 
which  transmits  three  levels  of  video  (dark,  bright ,  brighter)  to  a  weather 
video  input  port  on  the  FFI  system. 
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PMP/PM  CORRELATION  (CLDSTERING)  AND  INTERPOLATION 


I.  INTRODUCTION 

A  Clustering  and  Interpolation  (C  and  I)  algorithm  was  Implemented  on  the 
parallel  mlcroprogrammable  processor,  PMP~2,  for  Incorporation  In  the  ASR-7 
and  FPS-67  radar  systems  at  Burlington,  Vermont  and  Bedford,  Virginia, 
respectively.  This  Appendix  describes  the  general  organisation  of  the 
program. 

II.  C  AND  I  PROCESSING  IN  THE  PARALLEL  PROCESSOR 

C  and  I  processing  Involves  grouping  Individual  primitive  target  reports 
Into  clusters  on  the  basis  of  spatial  continuity,  dividing  each  such  completed 
cluster  Into  subclusters,  each  representing  a  single  target,  and  subsequently 
reporting  a  centrolded  range,  aslmuth,  strength,  and  doppler  for  each  of  the 
subcluaters.  In  the  Implementation  described  here,  the  cluster  subdivision 
step  Is  omitted:  each  cluster  always  gives  rise  to  a  single  cluster  report. 
Heather  processing  and  performance  monitoring,  to  be  Included  In  a  future  ver¬ 
sion,  are  also  omitted. 

The  FMP-2,  which  performs  the  C  and  I  processing,  contains  the  follo%d.ng 
functional  units:  (1)  a  standard  controller  with  4096  words  of  program  memory 
and  1024  words  of  12  blts/word  scratchpad  semory  (Xmem),  (2)  a  single  PE  with 
the  standard  1024-word,  24  blts/word  scratchpad  (PERAN),  and  (3)  a  type  A2 
auxllllai7  memory  (Auxmem)  containing  6-3/4  pages,  at  4096  words/page,  24 
blts/word.  The  Auxmem  access  time  Is  nominally  half  a  microsecond,  but  from 
the  point  of  view  of  the  program  which  must  use  separate  liutructlons  to 
disable  and  enable  Interrupts,  transfer  page  and  address  Inforaatlon,  and  set 
up  and  Initiate  the  data  transfer,  a  more  representative  time  Is  one 
microsecond  per  access.  This  value  Is  used  In  timing  estimates  below. 

A.  Program  Organisation 

The  following  general  principles  were  followed  In  constructing  the  pro¬ 
gram: 

1.  All  Input  primitives  are  placed  In  an  li;put  ring  buffer. 

2.  With  the  exception  of  Initial  setup  and  Interrupt  handling,  process¬ 
ing  proceeds  on  a  CPI  basis.  That  la,  with  each  Iteration  of  titt  main  pro¬ 
cessing  loop,  one  CPI's  worth  of  primitives  are  removed  from  the  input  ring 
buffer  and  are  associated  with  existing  clusters  or  are  used  to  start  new 
clusters;  all  clusters  are  then  examined  for  conformity  with  a  cluster-closing 
criterion  and  those  meeting  the  criterion  are  closed  to  produce  cluster  re¬ 
ports  which  are  transmitted  to  the  tracker  In  a  once-per-CPI  IEEE  bus  .vessage. 
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3.  Each  CPI's  primitives  are  sorted  Iqr  range  before  clustering, 
all  open  clusters  are  retained  In  Increasing  range  order. 

4.  All  pt laltlve  Information  la  present  at  cluster  closing  time. 


Also, 


Th  PMP-2  code  to  accomplish  all  C  and  I  processing  has  been  partitioned 
Into  eight  steps,  as  follows. 

STEPO.  INITIALIZATION.  Executed  once  Immediately  after  mP  loading, 
this  routine  constitutes  the  coldstart  procedure.  It  sets  up  values  of  con¬ 
stants,  Initializes  values  of  some  variables,  and  builds  free  storage  chains 
In  Xmem  and  Auxmem  (see  the  description  of  storage  layout  below).  It  then 
transfers  control  to  Step  2. 

STEPl.  I/O.  This  step  Is  executed  on  an  Interrupt  basis.  It  contains 
the  routines  for  receiving  primitive  target  reports  from  the  signal  processor 
and  for  transmitting  cluster  reports  to  the  tracker  via  the  IEEE  bus.  Receiv¬ 
ed  primitive  targets  are  placed  In  a  capacious  ring  buffer  occupying  Auxmem 
page  zero.  Transmitted  cluster  reports  are  pulled  from  a  ping-pong  buffer  In 
PERAM,  where  they  are  deposited  during  execution  of  Step  7. 

STEP2.  AMPLITODB  NORMALIZATION  and  THRESHOLDING.  This  Is  the  first  step 
of  the  executed-once-per-CPI  main  processing  loop.  (The  main  processing  loop 
consists  of  Steps  2  thru  7 . )  Containing  a  spin  loop  which  Is  executed  until 
the  requisite  data  arrives  In  the  Input  ring  buffer.  Step  2  extracts  one  CPI's 
worth  of  primitives,  performs  strength  normalization  and  primitive  amplitude 
thresholding,  and  writes  the  acceptable  primitives  Into  Auxmem  page  one  In  the 
format  of  a  one-way  linked  chain.  | 

Amplitude  thresholding  Involves'  the  use  of  sixteen  tables  of  varying 
severity.  One  of  the  sixteen  tables  has  been  already  chosen  on  the  basis  of 
performance  monitoring;  this  table  contains  16  threstiolds  which  are  applied  to 
targets  on  the  basis  of  range  In  1-mlle  Increments.  Targets  at  a  distance  of 
greater  than  16  miles  are  accepted  without  thresholding. 

STBP3.  SORTING.  The  chain  of  prlsdtlves  output  by  Step  2  is  sorted  by 
range.  The  output  of  this  step  Is  thus  a  one-way  linked  chain  of  common- 
azimuth  primitives  In  which  the  successor  operation  always  leads  to  primitives 
of  Increasing  remoteness  from  the  radar. 

STEP4.  GEOGRAPHICAL  CENSORING.  The  range  and  azimuth  of  each  primitive 
In  the  chain  sorted  In  Step  3  Is  compared  against  a  list  of  clutter  hot-spots 
retained  In  Auxmem  page  6.  Primitives  found  occupying  undesirable  areas  are 
dropped  from  the  chain.  The  hot-spot  table  Is  stored  In  gross  order  of  In¬ 
creasing  azimuth  and  In  fine  order  of  Increasing  range  to  render  table 
lurching  efficient.  (The  entire  table  Is  thus  traversed  exactly  once  per 
antenna  revolution.) 
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STEPS*  ASSOCIATION.  Each  prinlttve  from  Step  4  either  le  added  to  an 
extant  cluster  or  is  used  to  Initiate  a  new  cluster.  Because  primitives  are 
considered  in  order  of  range,  and  because  clusters  are  retained  in  range 
order,  this  operation  takes  the  overall  form  of  a  merge  operation  of  the  type 
encountered  in  sorting;  the  result  is  again  a  chain  of  clusters  in  range 
order.  The  precise  format  in  which  clusters  are  stored,  chained  to  one 
another,  and  linked  to  the  primitives  they  contain  is  described  under  storage 
layout  below. 

The  precise  rule  for  associating  primitives  with  clusters  is  as  follows: 
The  range  extent  of  a  cluster  is  by  definition  the  interval  of  ranges  (RLO, 
RHI)  where  RLO  is  the  minimum  of  the  ranges  of  all  primitives  in  the  cluster 
and  RHI  is  the  corresponding  maximum.  In  order  for  a  primitive  to  associate 
with  a  cluster  of  range  extent  (RLO,  RHI],  the  primitive's  range  must  lie  in 
the  Interval  [RLO-1,  RHI-fl].  (The  units  for  RLO  and  RHI  are  'range  counts', 
l.e.,  1/16'ths  of  a  mile.)  If  the  primitive's  range  is  exactly  RL0-*1  or 
RHl-(-l,  the  cluster  range  extent  must  be  updated  accordingly. 

STEF6.  COALESCING  OF  CLUSTERS.  Due  to  the  annexation  of  primitives  in 
Step  S,  neighboring  clusters  may  grow  to  abut  or  overlap  in  range  extent. 
Step  6  checks  all  neighboring  pairs  of  clusters  for  this  condition  and 
coalesces  to  eliminate  its  occurrence. 

STEP7.  CLOSING.  The  criterion  for  closing  of  a  cluster  is  that  no 
primitive  should  have  been  added  to  the  cluster  during  the  current  CPI  or  the 
previous  CPI.  Clusters  meeting  this  criterion  are  subjected  to  the  following 
operations  to  produce  the  following  set  of  target  statistics: 

(a)  Range.  A  plain  amplitude-weighted  centroid  of  component 
primitive's  ranges  is  computed.  Twelve  bits  (1/64  mile)  of  result  are 
retained . 


(b)  Azimuth.  i^ain,  an  amplitude-weighted  centroid  of 
component  primitive's  azimuths  is  computed  to  12  bits  (one  ACP 
unit). 

(c)  Strength.  Two  strengths  are  computed:  the  maximum  of 
all  strengths  of  nonzero  doppler  primitives,  and  the  maximum 
of  strengths  of  all  primitives,  period.  These  results  arm 
called  SMZ  and  SALL  respectively. 

(d)  Doppler.  Two  doppler  quantities  are  retained:  the 
doppler  number  of  the  FRF  #0  primitive  of  maximal  strength, 
and  the  doppler  number  of  the  FRF  #1  primitive  of  maximal 
strength. 
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(e)  Quality.  Letting  NO  denote  the  number  of  FRF  #0 
primitives  In  the  cluster  end  similarly  for  HI,  then 
Quality  ••  mln(2,  NO)  ■¥  mln(2,  HI). 

(f)  Confidence.  A  threshold  Is  accessed  on  the  basis  of 
Interpolated  range,  truncated  to  miles.  If  SALL  <  threshold, 
the  cluster  Is  rejected.  If  SNZ  <  threshold  <  SALL,  then 
confidence  Is  set  to  0.  If  threshold  <  SNZ,  then  confidence 
Is  set  to  1. 

Additionally,  cellcount  <  «  number  of  distinct  range-azimuth  cells  span¬ 
ned  by  the  cluster)  Is  tallied  and  used  In  Interference-censoring:  the  cluster 
Is  rejected  If  cellcount  ■  2  and  all  nonzero  dopplers  are  present,  or  If 
cellcount  *  1  and  all  but  (possibly)  one  nonzero  dopplers  are  present. 

The  centrolded  range  (12  bits),  centrolded  azimuth  (12  bits),  SNZ  (12 
bits),  SALL  (12  bits),  FRI  #0  doppler  (3  bits),  FRI  #1  doppler  (3  bits), 
quality  (3  bits),  and  confidence  (1  bit)  figures  are  placed  in  a  9-byte  output 
report.  At  the  conclusion  of  Step  7,  events  are  Initiated  leading  to  asser¬ 
tion  of  SRQ  on  the  IEEE  bus,  so  the  combined  cluster  report  may  be  transmitted 
to  the  tracker.  such  a  cluster  message  la  sent  every  CFI,  even  when  no 
clusters  close. 

Step  7  concludes  with  an  unconditional  branch  to  Step  2  for  the  next 
CFI's  to  be  processed. 

B.  Description  of  Storage  layout 

The  fundamental  maxim  of  C  and  1  atorage  layout  Is  this:  Frlmltlve  In¬ 
formation  occupies  Auxmem;  cluster  Information  (aside  from  the  Information 
lying  In  the  cluster's  prlndtlves)  resides  In  bem. 

The  primitive  Input  ring  buffer  (filled  during  execution  of  Step  1  and 
emptied  during  Step  2)  occupies  the  4096-word  zero  page  of  Auxmem.  Bach 
primitive  occupies  2  words  and  each  CFI  requires  a  2-word  header.  Thus  there 
Is  space  for  40  CFI's  worth  of  data,  at  SO  primitives  per  CFI. 

The  primitive  blocks  built  In  Step  2  and  manipulated  In  Steps  3  thru  7 
occupy  page  1  of  Auxmem.  Bach  primitive  block  occupies  four  consecutive 
words.  Thus  there  Is  room  for  1024  primitives  In  the  process  of  entering  or 
already  within  open  clusters. 

Fages  2,  3,  4,  and  S  of  Auxmem  are  unused. 

Fage  6  of  Auxmem  (the  3K  page)  contains  the  sixteen  16-word  solitude 
threshold  tables  used  for  primitive  thresholding  (Step  2)  and  cluster  thres¬ 
holding  (Step  7)  and  also  contains  the  clutter  hot-spot  table  utilized  In  geo¬ 
graphical  censoring  (Step  4). 
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Each  cluster  euaaary  block  occupies  eight  words  of  Xeea.  There  is  one 
such  suwBsry  block  for  each  open  cluster,  and  there  is  provision  for  75  such 
blocks.  Bach  block  contains  a  pointer  to  the  next  such  block  and  also 
pointers  to  the  beginning  Snd  end  of  the  chain  of  prlaltlves  within  the 
cluster.  In  addition,  the  suaaary  block  contains  indicators  of  the  overall 
range  and  aslauth  extent  of  the  cluster  and  a  count  of  the  total  nuaber  of 
prlaltlves  currently  in  the  cluster. 

Because  prlaltlves  are  not  dlsalssed  in  the  saae  order  they  arrive,  and 
because  clusters  are  not  closed  in  (.he  saae  order  they  open,  a  aeans  for  free 
(eapty,  unused)  storage  bookeeping  is  required.  Since  each  priaitive  and  each 
cluster  involves  a  fixed  size  block,  this  can  be  accoaplist^  in  a  straight" 
forward  fashion  by  slaply  stringing  all  free  blocks  together  in  a  one-way 
chain.  Newly  freed  storage  is  annexed  to  the  end  of  the  chain;  newly  allocat¬ 
ed  storage  is  taken  froa  the  beginning,  nius  the  free  storage  pool  acts  like 
a  ring  buffer  (rather  than  a  stack),  which  is  advantageous  for  prograa  post- 
aortea  analysis  (since  freed  blocks  reaain  untouched  for  a  aaxlaal  length  of 
tiae  before  being  overwritten).  There  Is  one  such  free  storage  pool  for 
priaitive  blocks  in  Auxaea  page  1  and  another  for  cluster  suaoary  blocks  In 


Steps  0  thru  7  occupy  approxlaately  17(K)  (declaal)  words  of  PMP  prograa 
aeaory.  The  standard  FMP-2  loader/duaper/IBEE  driver  package  occupies  another 
1(K)0  words. 

C.  (hilculation  of  Centroids 

All  coaputations  involved  in  range  and  azlautb  centroiding  are  perforaed 
in  fixed-point  arlthaetic. 

Range  centroiding  proceeds  as  follows:  the  ainiaua  range  of  all  prlal¬ 
tlves  in  the  cluster  (RGLOJ)  is  subtracted  froa  each  individual  priaitive 's 
range  (RGI)  to  produce  a  set  of  individual  delta-ranges  are  weighted.  Nota 
that  only  four  bits  of  delta-range  are  retained.  Oelte-ranges  are  weighted 
to  yield  SOMHRG  as  shown.  SUHHRG  is  divided  by  SDMH  to  yield  a  b-blt  quotient 
RGQUOT.  BCQUOT  is  the  centroid  of  the  delta-ranges,  so  adding  back  RCLOJ, 
appropriately  shifted,  yields  RCCENT,  the  reported  12-bit  centroided  range. 

A  slallar  process  is  followed  for  azlautb.  The  aaln  differences  are  that 
seven,  rather  than  four,  bits  of  delta-aziauth  are  retained,  and  that  the  fi¬ 
nal  addition  of  AZQUOT  to  the  ainiaua  aziauth  (AZLOJ)  is  perforaed  aodulo  360 
degrees.  The  extra  bits  of  delta-aziauth  give  rise  to  three  extra  bits  of 
weighted  aziauth  counts  (NAZI  and  SUMNAZ).  These  bottoa  three  bits  of  weight¬ 
ed  aziauth  are  dropped.  This  could  laply  a  problea  for  very  low-strength  in¬ 
terpolations;  rounding  or  bit  re-allgnaent  aay  be  required. 

The  above  centroiding  algorltha  is  secure  against  coaputatlonal  overflow 
in  dealing  with  clusters  of  range  extent  less  than  1  alls  (16  range  counts). 
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of  asiauCh  oxteat  leas  than  16  CPT's  (128  ACP'a),  and  of  mmber  of  subauaed 
prlaltlves  less  than  64.  The  aoat  lab-erltleal  quantities  in  the  calculation 
are  SUHWKG  (sua  of  weighted  delta*-ranges)  which  is  retained  to  one  noraalixed 
strength*range  count,  and  SUMHAZ  (sua  of  weighted  delta-'asiautha)  which  is 
retained  to  one  noraalixed  atrength*CPl  count.  At  present  the  prograa 
contains  no  checks  for  'overaixe*  clusters. 

D.  Description  of  Sort  Algorithaa 

Sorting  is  performed  using  the  standard  IBM  card-sorter  algoritha.  This 
algoritha  aorta  records  on  a  k-dlgit  key  I7  sorting  then  first  on  the  least 
significant  digit,  then  on  the  next  nore  significant  digit,  ...,  and  finally 
on  the  nost  significant  digit  of  the  key.  (Sorting  on  the  I'th  digit  'd' 
involves  extracting,  without  pemutation,  all  records  having  d  ~  0,  following 
these  with  all  records  having  d  >  1,  ...,  following  these  with  ^1  records 
having  d  ■  h,  where  h  is  the  highest  possible  value  for  d.  See  Knuth,  Voluae 
3,  Section  5.2. 5.)  As  enployed  in  C  and  1  Step  7,  ten  passes  are  a^e  over 
tte  current  CPl'a  data,  with  each  pass  involving  a  sort  on  a  single  binary 
digit  of  range.  This  algoritha  requires  0.1  as  to  sort  0  targets  and  about 
1.75  as  to  sort  50,  and  the  tlaing  is  linear  in  the  nuaber  of  targets.  The 
tlae  could  be  cut  roughly  in  half  by  considering  range  as  a  5-dlglt  base-4 
quantity  instead  of  a  10-diglt  base-2  quantity.  This  change  could  be  incorp¬ 
orated  in  a  future  version  if  run-tiae  becoaes  aore  critical. 

B.  Execution  TLae  and  IEEE  Bus  Tlae  Per  CPI 

The  following  table  gives  the  worst-case  run-tine  requireaent  for  each 
step  of  the  prograa  as  it  currently  exists.  With  the  exception  of  Step  1,  the 
figures  are  based  on  actual  instruction  counts  together  with  the  assuaption  of 
50  input  prialtives  and  50  closing  clusters  per  CPI  and  several  other  worst- 
case  assuaptions. 


Step  1: 

1.40  m 

Step  2: 

0.60  as 

Step  3: 

1.75  ns 

Step  4: 

0.25  as 

Step  5: 

0.35  ns 

Step  6: 

0.55  as 

Step  7: 

1.75  m 

Total: 

6.65  m 

The  aaxlnua  interrupt  disable  tlae  in  Steps  2-7  is  spproxiaately  one 
aicrosecond,  the  tlae  of  an  Auxaea  access.  Thus  assualng  256  byt^  apiece  in 
the  prinltlve  and  cluster  nessages,  the  IEEE  bus  tlae  occupied  4heir  trans- 
nisslon  la  given  by  1*9  as  (the  Step  1  tine  plus  0.5  ns).  | 
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A/C 

ACP 

A/D 

ARP 

ARTS 

ASR 

ATC 

BTV 

BVA 

CAI 

CO 

CFAR 

CP 

CPI 

DABS 

dBm 

dBz 

ER 

FAATC 

FFT 

FIR 

IF 

I/F 

l&q 

LP 

MLT 

MTBF 

MID 

Nil 


LIST  OF  ASR-MTD  ACRONYMS  AND  ABBREVIATIONS 
Aircraft 

Azlauth  Change  Pulae 

Analog-to-Dlgl tal 

Azlauth  Reference  Pulae 

Automated  Terminal  Radar  System 

Airport  Surveillance  Radar 

Air  Traffic  Control 

Burlington,  Vermont 

Bedford,  Virginia 

Correlation  and  Interpolation 

Common  Digitizer 

Constant  False  Alarm  Rate 

Circular  Polarization 

Coherent  Processing  Interval 

Discrete  Address  Beacon  System 

Decibels  with  respect  to  1.0  sq.  meter 

Decibels  with  respect  to  radar  reflectivity  factor,  z. 

Engineering  Requirement 

Federal  Aviation  Administration  Technical  Center,  Atlantic 
City,  NJ 

Fast  Fourier  Transform 
Finite  Impulse  Response 
Intermediate  Frequency 
Interface 

In-phase  and  Quadrature-phase 
Linear  Polarization 
Hean  Level  Threshold 
Mean  Time  Between  Failure 
Moving  Target  Detect (or) (Ion) 

Moving  Target  Indlcator(lon) 
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PE 

PM 

PMP 

PPI 

PBP 

PRl 

RAG 

ROM 

R/T 

SCV 

SGP 

Sn 

SRAP 

S/1 

S/N 

SIC 

SIR 

STO 

TRACOM 

TTG 

TTL 

USART 

«z 

ZVF 


APPEMDIX  C  (COMT*D) 

LIST  OP  ASR-MTD  ACRONYMS  AND  ABBREVIATIONS  (COMTINOEP) 

Probability  of  Dotoctlon 

Probability  of  Falaa  Alarm 

Procaaalng  Elamant 
Proeeaalng  Module 

Parallel  Hicroprograamble  Proeeasor 

Plan  Poaltlon  Indicator 

Pulse  Repetition  Frequency 

Pulse  Repetition  Interval 

Range  Asinuth  Gain 

Read  Only  Memory 

Recelver/Transmltter 

Sub-Clutter  Visibility 

Single  Gete  Processing 

The  n-th  State 

Sensor  Receiver  and  Processor 
Saturation  ud  Interference 
Slgnal-to-Nolse  Ratio 
Sensitivity  Time  Control 
Target  Report  Strength 
System  Timing  Unit 
Initial  or  Starting  Time 

Teridlnal  Radar  Control 
Test  Target  Generator 
Translstor-to-Translator  Logie 

Universal  Synchronous  Asychronous  Receiver  Transmitter 
Heather 

Zero  Velocity  Filter 
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